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INTRODUCTION
S in ce  1910 many I n v e s t ig a to r s  from  c o u n tr ie s  in  
v a r io u s  p a r t s  of th e  w orld  have r e p o r te d  th e  n e c e s s i ty  of 
sm a ll q u a n t i t i e s  o f bo ron  f o r  th e  grow th o f p l a n t s .
S tu d ie s  have been made on a t  l e a s t  f i f t y  d i f f e r e n t  p la n ts  
w hich In c lu d e  m onocotyledons and d ic o ty le d o n s . These con­
t r i b u t i o n s  have b u i l t  up ou r knowledge o f th e  im portance o f 
bo ron  in  p l a n t s .  Ho??ever, th e  fu n c t io n  of bo ron  in  th e  
p l a n t  has n o t been d e f i n i t e l y  e s ta b l i s h e d  and i t  i s  hoped 
t h a t  th e  r e s e a rc h  r e p o r te d  on th e  fo llo w in g  p ag es w i l l  g iv e  
f u r t h e r  in fo rm a tio n  w hich w i l l  u l t im a te ly  a s s i s t  in  e s ta b ­
l i s h i n g  th e  r o le  o f boron  in  p l a n t s .
The genus B ra s s lc a  was chosen f o r  th e s e  s tu d ie s  
a s  some o f th e  p la n t s  in  t h i s  group show boron d e f ic ie n c y  
u n d er f i e l d  c o n d i t io n s .  Members o f t h i s  genus a re  r a p id ly  
grow ing p l a n t s  w hich may be c o n v e n ie n tly  used  in  n u t r i t i o n  
s tu d i e s .  T h is group o f p la n t s  i s  o f f u r th e r  i n t e r e s t  b ecau se  
man has s e le c te d  f o r  e d ib le  p u rp o ses  ty p es  w ith  s to ra g e  ro o ts ,  
o th e r s  w ith  an abundance o f f o l i a g e ,  two w ith  many f lo w e rs , 
and a  f o u r th  type  w ith  an e d ib le  stem .
The in v e s t ig a t io n s  r e p o r te d  h e re  aim to  g ive  some 
in fo rm a tio n  on how lo n g  p la n ts  w i l l  su rv iv e  w ith  th e  boron 
s to r e d  in  t h e i r  seeds and th e  optimum q u a n t i ty  f o r  th e  
developm ent o f th e s e  p l a n t s .  The d a ta  a ls o  g iv e  some l i g h t  
upon th e  im portance  of boron  in  d i f f e r e n t  s ta g e s  o f deve lop ­
ment o f th e  p l a n t s  o f  th e  genus B r a s s ic a * I t  i s  hoped th a t
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th e  d e s c r ip t io n  o f boron  d e f ic ie n c y  in  th o se  p l a n t s  where 
i t  has n o t  been  d e s c r ib e d  w i l l  be o f p r a c t i c a l  u se  to  th e  
v e g e ta b le  grow er.
Some in fo rm a tio n  i s  a l s o  g iv en  upon th e  an a to m ica l 
a b n o rm a li t ie s  r e s u l t i n g  from a d e f ic ie n c y  o f b o ro n .
LITERATURE REVIEW
The in f lu e n c e  o f boron  on p la n t  grow th was f i r s t  
s tu d ie d  by P e l ig o t  ( 66) in  1876 , H is ex p erim en ts  showed 
t h a t  th e  to x ic  e f f e c t  o f  bo ron  caused  th e  le a v e s  to  tu rn  
y e llo w  and die* F o r many y e a rs  r e s e a r c h  w orkers s tu d ie d  
th e  q u a n t i ty  o f  boron  in  se a  w a te r , s o i l  and p la n t s  b u t i t  
was n o t p ro v ed  to  be an e s s e n t i a l  e lem ent u n t i l  1910 when 
Agulhon ( l )  grew w heat i n  sand  c u l tu r e s  w ith  v a ry in g  l e v e l s  
o f  b o ro n . From 1910 to  1923 v e ry  l i t t l e  s tu d y  o f boron  
n u t r i t i o n  was made. At th e  l a t t e r  d a te  W arington (80) 
r e p o r te d  1 The E f f e c t  o f  B o ric  A cid and Borax on th e  Broad 
Bean and C e r ta in  O ther P la n t s ."  The number o f in v e s t ig a to r s  
h as  in c re a s e d  co n tin u o u s ly  s in c e  W arington p u b lis h e d  h e r  
p a p e r  and p a r t i c u l a r l y  s in c e  193°• R ecen tly  a  number o f 
i n v e s t ig a to r s  have p u b lis h e d  l i t e r a t u r e  rev iew s co v e rin g  th e  
g e n e ra l  f i e l d  of boron  n u t r i t i o n  ( 7 , 17 > 19* 27 , 55> an<l
7 0 ) .  Two coup rehen  s i  ve b ib l io g ra p h ie s  have a ls o  been pub­
l i s h e d ;  th e  f i r s t  by W i l l i s  (84-) was p u b lis h e d  in  1935 w ith  
a  second e d i t io n  in  193&* The second was p re p a re d  by H arding  
and Schmidt ( 31 ) and In c lu d e s  th e  l i t e r a t u r e  from W i l l i s 's  
second  e d i t io n  to  June 193&#
Brown h e a r t  o f  ru ta b a g a s  and h e a r t  r o t  and d ry  r o t  
o f  su g a r b e e ts  were observed  many y e a rs  ago . Woods ( 86) 
d e s c r ib e d  th e  synptoms o f  boron d e f ic ie n c y  in  ru ta b a g a s  in  
1915, naming th e  c o n d itio n  "B lack H e a rt."  However, th e
k
cause  o f th e  d is e a s e  was n o t known u n t i l  1933 when MacLeod 
and Howatt ( 51 ) showed t h a t  i t  was c o n t r o l l e d  in  ru ta b a g a  by 
a p p l ic a t io n s  o f b o rax  to  th e  s o i l*  Jam ala in en  (39) p u b lis h e d  
e x te n s iv e ly  on th e  in v e s t ig a t io n s  i n  F in la n d  in  1935 on th e  
same p la n t*  D earborn and R a le ig h  ( 16 ) were th e  f i r s t  to  
p u b l is h  t h a t  brow ning o f c a u lif lo w e r  was c o n t ro l le d  by th e  
a d d i t io n  o f bo ron  to  th e  s o il*  I n  193^ S nyder, G-rant and 
Donaldson (7^) d e s c r ib e d  d e f i c i e n t  tu r n ip s  a s  p i th y  o r  punky 
in s t e a d  o f th e  w ate ry  c e n te r  found i n  ru ta b a g a s . L i t t l e  o r  
no I n v e s t ig a t io n  h as  been  c a r r i e d  o u t on o th e r  members of th e  
6enus B r a s s lc a * Boron d e f ic ie n c y  has o c cu rred  in  s e v e ra l 
o th e r  v e g e ta b le s ,  p a r t i c u l a r l y  c e le ry  in  which i t  i s  ex p ressed  
a s  a  c ra c k in g  o f th e  p e t i o l e  ( 67 )* Boron d e f ic ie n c y  has a ls o  
been  o b served  in  t r e e  f r u i t s *  In  t h i s  group o f p la n ts  in ­
t e r n a l  co rk  o f a p p le s  h a s  r e c e iv e d  th e  most a t t e n t i o n ,  th e  
m ajo r p a r t  o f  th e  work b e in g  done in  New Z ealand  under th e  
d i r e c t io n  o f Askew (2 , 3> and 5 ) .
The le a v e s  o f many p la n t s  a re  c h lo r o t i c  when boron  
i s  d e f i c i e n t .  H i l l  and G-rant ( 3^) have shown th a t  th e  m argins 
o f  ru ta b a g a  le a v e s  a re  th e  f i r s t  p a r t  o f t h i s  p la n t  to  be 
a f f e c te d .  H u rs t and MacLeod (3&) have found t h a t  th e se  le a v e s  
l a t e r  become re d  on th e  u nder s id e  and f a l l  e a r ly .  C h lo ro tic  
a r e a s  a re  found  betw een th e  v e in s  o f  tobacco  le a v e s  ac co rd in g  
to  van Schreven (7$)* The same a u th o r  in  a  l a t e r  p ap e r r e p o r t ­
ed  th e  c u r l in g  upward of le a v e s  o f  d e f i c i e n t  p la n ts  in  w a te r  
c u l tu r e s  and th e  c u r l in g  downward in  sand c u l tu r e s  when boron  
was in a d eq u a te  (79)*
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The sk in  o f ru ta b a g a s  grown w ith o u t an adequate  
su p p ly  o f bo ron  has a  rough s u r fa c e  (1 0 , Jk-, and 1 3 ) . On 
th e  o th e r  hand , s e v e r a l  in v e s t ig a to r s  have s t a t e d  th a t  th e re  
were no e x te r n a l  symptoms ( 65 , 20 , 74, 61 , and  39 ) .
Most o f th e  i n v e s t ig a to r s  r e p o r t in g  on th e  a p ic a l  
m eris tem  have s t a t e d  t h a t  th e  f i r s t  symptom o f bo ron
d e f ic ie n c y  was d e a th  o f  t h i s  t i s s u e  ( 9 , 4 l ,  42 , 4S, 52 , 57 ,
59 > and p o s s ib ly  o th e rs )*  McMurtrey in  1929 was in  agreem ent 
w ith  th e  above view y e t  in  1935 ( 5^) k© r e p o r te d  th a t  d ea th  
o f th e  a p i c a l  m eristem  was th e  l a s t  symptom o f boron d e f ic ie n ­
cy in  to b a c c o . W ith ru ta b a g a s  Jam ala in en  (39) found t h i s
m eristem  was k i l l e d  on ly  in  ca ses  of sev ere  d e f ic ie n c y . Coul- 
son and Raymond ( 13 ) have s a id  th e  a p ic a l  m eristem  of ru ta b a ­
gas was n o t k i l l e d .
W arington in  h e r  s tu d ie s  o f V ic ia  fa b a  (SO) found 
t h a t  th e  p i t h  and ground parenchym a n e a r  th e  xylem of th e  
stem  became d i s i n te g r a t e d  and d is c o lo re d  in  p la n t s  n o t 
a d e q u a te ly  s u p p lie d  w ith  b o ro n . The phloem has been found 
to  be  d i s t o r t e d  in  tom atoes (4 2 ) , in  p o ta to e s  (4 l)  and in  
to b acco  (7 S ) . The phloem  of tom ato and tobacco  was found to  
be  e n la rg e d  due to  c e l l  e lo n g a tio n  and to  c e l l  d iv is io n ,  
p a r t i c u l a r l y  i n  a r a d i a l  d i r e c t io n  ( 7$ and 79 )*
I n  ex p erim en ts  w ith  Pisum  sativum  Sommer and 
S o ro k in  ( 76 ) observed  t h a t  th e  ro o t  caps were deform ed o r 
e n t i r e l y  la c k in g  on p la n t s  grown w ith o u t boron  w h ile  W aring­
to n  (S I) found a b la c k  sh e a th  o ver th e  ro o t t i p s  which had 
s to p p ed  growing* Sommer and S orok in  ( 76) found many more
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seco n d ary  r o o ts  w hich were much n e a re r  th e  t i p  on p la n t s  
grown w ith o u t boron th a n  on p la n t s  grown w ith  b o ro n .
The t o t a l  su g a r  and s ta r c h  c o n te n t of th e  le a v e s  
i s  h ig h e r  in  boron  d e f i c i e n t  p l a n t s  th a n  in  h e a l th y  ones 
(2 2 , 29 , 30,  and M-2). The r o q ts  o f such p la n t s  a re  low in  
su g a r  (1 9 , 3 6 * 6l* an^- 6*0 • Shive (72) found more s o lu b le  
n i t r o g e n  and l e s s  p r o te in  in  c o tto n  s u f f e r in g  from  boron 
d e f ic ie n c y  th a n  in  h e a l th y  p l a n t s .  On th e  o th e r  hand,
H o llan d  and Jo n es  ( 36 ) found  an in c re a s e  in  th e  p r o te in  in  
ru ta b a g a s  a s s o c ia te d  w ith  boron d e f ic ie n c y ,
E aton  (21) h as  shown t h a t  th e  boron c o n te n t of 
c o tto n  p la n t s  i s  g r e a t e s t  in  th e  le a v e s  and t h a t  i t  I n c re a s e s  
w ith  in c r e a s in g  a p p l ic a t io n s  of b o ro n . The boron  co n ten t o f 
p l a n t s  h as  been p u b lis h e d  by B e rtra n d  and de W all (6) and 
L ohn is (3 7 )-  The fo rm er shows t h a t  fo u r  o f the  B ra s s lc a  con­
t a i n  from 2 1 ,9  to  53*3 m illig ra m s  of boron  p e r  k ilo g ram  of 
d ry  m a tte r .  L ohnis found l e s s  boron  in  seeds th an  in  o th e r  
p a r t s  of th e  p l a n t .  The boron  i s  a p p a re n tly  f ix e d  and cannot 
be  t r a n s lo c a te d  a s  in  magnesium d e f ic ie n c y .
The v a r i a b i l i t y  among v a r i e t i e s  o f  ru ta b a g a s  in  
s u s c e p t i b i l i t y  to  boron  d e f ic ie n c y  has been  shown by Dennis 
and O 'B rien  (1 9 ) . In  t h e i r  experim en t th e  v a r ie ty  P ic to n  was 
taken a s  a  s ta n d a rd  w ith  a  s u s c e p t i b i l i t y  of 100 p e r  cen t and 
th e  o th e r  v a r i e t i e s  s tu d ie d  v a r ie d  from 0 to  226 p e r  c e n t .  
C oulson and Raymond (13) found a  v a r ie ty  d if f e r e n c e  of 73 Pe r  
c e n t In  ru ta b a g a s . O 'B rien  and D ennis ( 62 ) and R iggs, Askew 
and C h itte n d en  ( 67 ) have shown t h a t  tu r n ip s  a r e  n o t a s  sev e re
ly  a f f e c te d  by boron d e f ic ie n c y  a s  ru ta b a g a s .
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B igg  ( 66 ) found  t h a t  an a c re  of ru ta b a g a s  r e ­
q u ir e d  60 grams o f boron  and th a t  h e a lth y  r o o ts  co n ta in e d  
12> to  19 ppm o f b o ro n , on a  d ry  w eig h t b a s i s ,  w h ile  th o se  
w ith  brown h e a r t  c o n ta in e d  4* to  6 . The most e x te n s iv e  s o i l  
a n a ly s e s  d e a l in g  w ith  bo ron  d e f ic ie n c y  have been  made on 
a p p le  s o i l s  in  which Askew (4-) found  t h a t  th e  to p  s ix  in c h es  
o f s o i l  p ro d u c in g  h e a l th y  a p p le s  had  O.35  to  1*10 ppm of 
b o r ic  a c id  w h ile  th e  s o i l  p ro d u c in g  a p p le s  w ith  i n t e r n a l  
co rk  had  on ly  0 .2  to  0*3 ppm. Askew w orking w ith  o th e r  
i n v e s t ig a to r s  ( 5 ) found  th e  g r e a t e s t  amount o f bo ron  in  th e  
to p  s o i l ,  Howatt*L found  o n ly  0.4- to  0 .6  ppm o f boron p re s e n t  
i n  New Brunsw ick s o i l s  and o th e r  w orkers i n  Canada had shown 
t h a t  over 1 .0  ppm o f bo ron  was r e q u ir e d  to  p roduce h e a lth y  
ru ta b a g a s  (34* and 13)* Many in v e s t ig a to r s  i n  th e  U n ited  S ta te s  
( 23 , 35 , 4-1, 4-2, 4-3, 72 , 75 , 76 , and o th e rs )  w orking w ith  
v a r io u s  c rops have found  t h a t  0*5 ppm o f bo ron  i s  s u f f i c i e n t  
to  p re v e n t th e  d iso rd e r*
The e f f e c t  o f s o i l  pH on boron d e f ic ie n c y  has n o t 
been  d e f i n i t e l y  e s ta b l i s h e d .  Some in v e s t ig a to r s  b e l ie v e  
th e  symptoms in c re a s e  w ith  in c r e a s in g  a l k a l i n i t y  (6  and 13 ) 
w h ile  o th e rs  b e l ie v e  th e  d e f ic ie n c y  i s  more se v e re  in  a c id  
s o i l s  (32) and s t i l l  a  t h i r d  group b e l ie v e s  th a t  pH h as no
e f f e c t  (37 )*
The se a so n a l e f f e c t  h as  caused  th e  amount o f 
brown h e a r t  o f ru ta b a g a s  to  v ary  from  3^ to  SO p e r  ce n t (13)*
■^Information o b ta in e d  by th e  a u th o r  in  co n v e rsa tio n  
w ith  Dr. J* L . Howatt o f E x p erim en ta l Farm, F re d e r ic to n , N.B.
and  s e v e ra l  in v e s t i g a to r s  have found boron  d e f ic ie n c y  to  be 
more se v e re  in  d ry  seaso n s  th a n  in  w et ones (3 ,  11 , 17 , 13, 
2 6 , 5g , 6 3 , 63 , and 3 6 ) .
W arington (32) s t a t e d  "The boron  d e f ic ie n c y  
symptoms were l e s s  pronounced  under s h o r t  day th a n  under 
f u l l  day c o n d itio n s * ” L ikew ise W i l l i s  and P i la n d  (£ 5 ) 
have n o t o b serv ed  boron  d e f ic ie n c y  on a l f a l f a  i n  N orth  Caro­
l i n a  in  th e  w in te r  and th e r e fo r e  b e l ie v e  th e re  i s  a  p h o to - 
p e r io d ic  e f f e c t*  H oagland and Snyder (35) found  th a t  0 .1  
ppm of bo ron  was enough to  p re v e n t d e f ic ie n c y  d u rin g  th e  
w in te r  months b u t  t h i s  amount was n o t s u f f i c i e n t  in  th e  
summer.
McMurtrey (53) k as  s tu d ie d  th e  e f f e c t  of removing 
boron  a t  d i f f e r e n t  tim es  and found t h a t  th e  in c re a s e  in  
h e ig h t  o f  to b acco  p la n t s  was d i r e c t l y  p r o p o r t io n a l  to  th e  
tim e of rem oval. The rec o v e ry  o f boron  d e f i c i e n t  p la n ts  
was slow when boron was su p p lie d  a f t e r  fo u r  weeks o f s ta rv a ­
t i o n .  McMurtrey (52) a l s o  o b serv ed  th a t  a e r a t io n  o f w a te r 
c u l tu r e s  in  which to b acco  p la n ts  were grow ing h a s te n e d  th e  
developm ent o f  boron  d e f ic ie n c y .
The fu n c tio n  o f boron h as  n o t been  e s ta b l i s h e d  
b u t  Young (37) and Shive ( 36 ) b e l ie v e  th a t  boron  i s  concerned 
i n  m etabo lism . W ithout t h i s  e lem ent th e  t r a n s lo c a t io n  o f 
c a rb o h y d ra te s  i s  r e ta r d e d  o r  p re v e n te d  (^3)* Boron has an 
in t im a te  r e l a t i o n  w ith  ca lc ium  m etabolism  (9 and 3 3 ) . I t  
h a s  a ls o  been  ex p ressed  th a t  boron e x e r te d  some c o n tro l  over 
th e  sw e llin g  o f  th e  p lasm a c o l lo id s  (71  and 16) .
MATERIALS AND METHODS
The seed s u sed  in  th e  f i r s t  experim ent were 
g e rm in a ted  on waxed c h e e se c lo th  a s  d e s c r ib e d  by Jo hnston  
(4 0 ) .  I n  th e  o th e r  ex p erim en ts  th e  seed s were germ inated  
i n  q u a r tz  sand . The s e e d lin g s  were t r a n s p la n te d  to  t h e i r  
perm anent c u l tu r e s  b e fo re  th e  le a v e s  were e v id e n t.  The 
w a te r  c u l tu r e  s tu d ie s  were made in  two ty p es  o f  c o n ta in e rs ;  
i n  one experim en t tw o -q u a rt f r u i t  j a r s  covered  w ith  heavy 
brown p a p e r  were u sed  w h ile  in  th e  o th e r  experim en ts t a l l  
l i t e r  p y rex  b e a k e rs  were u sed . The l a t t e r  were c lean ed  
w ith  c le a n in g  s o lu t io n  and p a in te d  w ith  a  c o a t o f b la c k  
p a i n t  w hich was l a t e r  covered  w ith  w h ite  p a i n t .  The sand 
c u l tu r e s  were conducted  a t  th e  U n iv e rs i ty  o f M aryland in  
tw o -g a llo n  c o ffe e  u rn s  w h ile  a t  th e  U n iv e rs ity  of Maine 
some ex p erim en ts  were conducted  in  o n e -g a llo n  c ro ck s , w hile  
o th e r s  were conducted  in  tw o -g a llo n  c ro ck s , b o th  g lazed  
in s id e  and o u t and p ro v id e d  w ith  a  th r e e - f o u r th s  in c h  d ra in ­
age h o le  in  th e  s id e  f l u s h  w ith  th e  bo ttom . Ottawa s i l i c a  
sand  was u sed  in  th e  f i r s t  experim en ts  and a  g ray  r i v e r  sand 
was u sed  f o r  th e  l a t e r  e x p e rim en ts . The g ray  sand was t e s t e d  
b e fo re  i t  was u sed  and was found to  be e q u a lly  a s  good as  
w h ite  sand  f o r  boron d e f ic ie n c y  s tu d ie s .  In  th e  e a r ly  exper­
im en ts  th e  sand was washed w ith  a  5 Pe r  ce n t s o lu t io n  o f  
h y d ro c h lo r ic  a c id  and th en  washed f r e e  o f c h lo r in e .
The tre a tm e n ts  were a s s ig n e d  from L a tin  Squares
tak en  a t  random ex cep t in  two ex p erim en ts  i n  which th e  j a r s
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were p a i r e d  and one in  which th e  f a c t o r i a l  d e s ig n  of 
ex p erim en t ( 25 ) was u se d . The d a ta  were an a ly zed  by th e  
a n a ly s is  o f v a r ia n c e  ( 2*0 i n  a l l  c a ses  where i t  was p o s s ib le .  
Odds o f 19 to  1 have been  c o n s id e re d  s i g n i f i c a n t .
I n  a l l  b u t  a  few o f th e  l a s t  ex p erim en ts  th e  
p l a n t s  were s u p p lie d  w ith  a  type  I  th re e  s a l t  n u t r i e n t  
s o lu t io n  by th e  co n tin u o u s flow  method a s  d e s c r ib e d  by Shive 
and S ta h l  (73)♦  th e s e  ex p erim en ts  th e  s a l t s  and th e  
q u a n t i ty  u sed  were th e  same as th o se  u sed  by Jo h n sto n  and 
Dore (*4*3), Jo h n s to n  and F is h e r  (W ) and F is h e r  ( 23) .  The 
pH o f th e  n u t r i e n t  s o lu t io n  was and i t s  osm otic p re s s u re  
was 0 . 6l  atm ospheres* O ther d a ta  on th e  n u t r i e n t  s o lu t io n  
w i l l  be found  in  T able I .  When th e  p la n ts  were young they  
r e c e iv e d  th r e e - f o u r th s  o f  a l i t e r  o f  n u t r i e n t  s o lu t io n  d a i ly  
w h ile  f o r  th e  l a r g e r  p l a n t s  th e  amount was in c re a s e d  to  two 
l i t e r s  p e r  day .
Some o f th e  e ^ e r im e n ts  were conducted  w ith  no 
b o ron  added to  th e  n u t r i e n t  s o lu t io n  w hile  o th e rs  had v a r io u s  
l e v e l s  o f b o ro n . O ther experim en ts were conducted in  which 
th e  p l a n t s  were su p p lie d  w ith  a  m oderate amount o f boron f o r  
a p e r io d  and th en  th e  sand was f lu s h e d  w ith  a  n u t r i e n t  so lu ­
t io n  c o n ta in in g  no b o ro n , fo llo w in g  t h i s  th e  p la n t s  were 
grown f o r  th e  rem ainder o f th e  t e s t  w ith o u t b o ro n . In  th e se  
ex p erim en ts  p la n t s  were a ls o  grown w ith  an in ad eq u a te  supply  
o f  boron  f o r  a  p e r io d  fo llo w ed  by an adequate  su p p ly . Boron 
was alw ays su p p lie d  as  b o r ic  a c id  u s u a lly  in  a  s o lu t io n  such 
t h a t  one cu b ic  c e n tim e te r  added to  a  l i t e r  o f n u t r i e n t  so lu ­
t io n  gave 0 .1  ppm of b o ro n .
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TABLE I
The B a s le  N u tr ie n t  S o lu tio n  Used f o r  Most E xperim ents
S a l t
Grams o f 
s a l t  p e r  
l i t e r  o f  
n u t r i e n t  
s o lu t io n
P a r t i a l
m o le cu la r
concen­




P a r t s
p e r
m il l io n
M i n i -
equ iva­
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♦These a ls o  in c lu d e  th e  s u l f a t e  o r  s u l f u r  in  th e  
m anganese, z in c  and copper s a l ts *
Boot boxes were used  to  s tudy  th e  developm ent 
o f  r o o ts  su p p lie d  w ith  n u t r i e n t  s o lu t io n s  w ith  and w ith o u t 
boron* Hoot s tu d ie s  were a ls o  made in  w a te r  c u l tu r e s .
At f re q u e n t i n t e r v a l s  d u rin g  th e  experim en ts one 
o r  more of th e  fo llo w in g  m easurem ents were made: th e  number 
o f le a v e s ,  th e  le n g th  o f  th e  lo n g e s t  l e a f ,  th e  w id th  o f  th e  
w id e s t l e a f ,  th e  h e ig h t o f th e  p la n t  and o c c a s io n a lly  o th e r  
m easurem ents were made* At h a rv e s t  th e  same d a ta  were ob­
ta in e d  and th e  f r e s h  w eigh t of stem , le a v e s ,  head  o r e d ib le
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p a r t  and In  a  number o f ca ses  th e  f r e s h  w eigh t o f r o o ts  was 
re c o rd e d . In  a  few o f th e  ex p erim en ts  dry  w e ig h ts  were 
a ls o  o b ta in e d .
H is to lo g ic a l  s tu d ie s  were made on b o th  f i e l d  and 
g reenhouse m a te r ia l*  The specim ens were embedded in  p a r a f f in  
by th e  N -b u ty l m ethod, and s e c t io n s  ab o u t 10 m icrons th ic k  
were c u t w ith  a  r o ta r y  m icrotom e. They were s ta in e d  w ith  
s a f r a n in  f o r  pho tom icrog raphs b u t  f o r  o b s e rv a tio n  under th e  
m icroscope s e v e ra l  s t a in s  were u se d .
EXPERIMENTAL RESULTS
P la n t  Growth w ith o u t Boron
The f i r s t  experim en t was conducted  to  d eterm ine  
w hether o r  n o t th e  s a l t s ,  sand and J a r s  were s u f f i c i e n t l y  
f r e e  from  boron  to  conduct th e  in v e s t ig a t io n s ,  and to  
d e te rm in e  how lo n g  p la n t s  would grow w ith o u t b o ro n . The 
d a ta  from  t h i s  experim en t a re  p re s e n te d  In  Table I I .  U sing 
in c re a s e  in  d ry  w eigh t a s  a  c r i t e r i o n  o f grow th i t  I s  e v i­
d en t t h a t  th e  q u a n t i ty  o f bo ron  in  th e  m a te r ia ls  was n o t
TABLE I I
Average Dry W eight in  M illig ram s of Seeds and Tops o f Seed­
l i n g  P la n ts  o f D if f e r e n t  Ages S u p p lied  w ith  N u tr ie n t Solu­
t io n s  C o n ta in in g  D if f e r e n t  Amounts of Boron
Kind
t a r t s
p e r Dry
Time in  days from so ak ing  th e  
g e rm in a tio n
seeds f o r
o f m il l io n seeds S 14 17 28 37 64 94
p la n t o f
borpn
te rm i­
n a te d
seed s
S eed lin g s  
read y  to  
t r a n s p la n t
Young
se e d lin g s
Old

































enough to  su p p o rt norm al grow th. These d a ta  a ls o  show th a t  
th e  boron  p r e s e n t  in  th e  seed  w i l l  on ly  m a in ta in  norm al growth
m -
f o r  a  v e ry  s h o r t  tim e . W ithout th e  a d d i t io n  of boron th e  
c o ty le d o n s  were n o t norm al in  s iz e  o r  sh ap e . W ithout 
boron  th e  f i r s t  t r u e  le a v e s  f a i l  to  develop  o r  develop  
abno rm ally  (F ig . 1 ) .  The t r u e  le a v e s  n o rm ally  develop  
betw een th e  17 th  and 22 th  day from  g e rm in a tio n  and th e  d a ta
F ig . 1 . C a u lif lo w e r  p l a n t s  grown w ith  no b o ro n , 0 .001  and 
0 .0 1  ppm o f b o ro n .
show t h a t  d u r in g  t h i s  p e r io d  th e  p la n t s  su p p lie d  w ith  boron 
in c re a s e d  in  d ry  w eigh t a t  a  g r e a te r  r a t e  th an  th o se  n o t 
s u p p lie d  w ith  t h i s  e lem en t. Table I I I  p r e s e n ts  th e  p e rce n tag e  
o f m o is tu re  o f  p la n ts  grown in  t h i s  experim ent and w h ile  th e  
d a ta  a re  somewhat v a r ia b le  th ey  in d ic a te  t h a t  p la n ts  s u f f e r ­
in g  from boron d e f ic ie n c y  have a sm a lle r  p e rc e n ta g e  of 
m o is tu re  th an  h e a lth y  p la n t s  from  th e  2 2 th  day on. T his 
p o in t  w i l l  be p re s e n te d  more co n v in c in g ly  in  a  l a t e r  e x p e r i­
m ent.
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TABLE I I I
P e rc e n ta g e  M o is tu re  in  Seeds and S eed lin g s  o f R utabaga o f 
D if f e r e n t  Ages S u p p lied  w ith  N u tr ie n t  S o lu tio n s  C o n ta in ing  
D if f e r e n t  Amounts o f  Boron
P a r ts
p e r





Time in  days from
IM
so ak in g  th e  seeds f o r  
‘rm in a tlo n
S 14 | 17 2S 1 ^7 (A 1
Germi­
n a te d
seeds
S ee d lin g s  
ready  to  
t r a n s p la n t
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s e e d lin g s
Old
















Each new l o t  of sand and c o n ta in e rs  was t e s t e d  
w ith  p la n t s  to  see i f  th ey  were s a t i s f a c to r y  f o r  boron 
d e f ic ie n c y  s tu d ie s .  I n  one experim en t th e  v a r i a b i l i t y  of 
d i f f e r e n t  l o t s  o f seed  was s tu d ie d .
The r e s u l t s  o f t h i s  experim en t w hich l a s t e d  3° 
days from  th e  tim e th e  seed s were soaked f o r  g erm in a tio n  a re  
p re s e n te d  In  Table IV; and F ig u re  2 i l l u s t r a t e s  th e  grow th 
o f  some o f th e  s e e d l in g s .  When th e  10 s e e d lin g s  in  th e  j a r  
were n o t un iform  th ey  were d iv id e d  in to  two g ro u p s, one in  
w hich th e  t r u e  le a v e s  d id  n o t develop  and one in  which th ey  
d id .  F ig u re  2 shows th a t  th e  c a u lif lo w e r  was most uniform  
b u t  l e s s  th an  7 P©1* c e n t of th e  seed s co n ta in e d  enough boron 
to  develop  t r u e  le a v e s  on th e  p l a n t s .  The s e e d lin g s  which 
d id  n o t show boron d e f ic ie n c y  symptoms averaged  two to  s ix  
tim es  as heavy on th e  f r e s h  w eigh t b a s i s  a s  th o se  which d id
16
TABLE IV
Fresh. W eight, Dry W eight and P e r  Cent M o is tu re  in  
T h ir ty -d a y -o ld  S e e d lin g s  Grown from S ix  D if f e re n t  
L o ts  o f  R utabaga and C a u lif lo w e r  se ed s . Each 
F ig u re  R e p re sen ts  an Average o f 10 P la n ts
Measurement s
K ind o f p la n t F re sh  w eigh t Dry w eigh t P e r  c e n t m o is tu re
R utabaga
mgra* 





85 . c& 
85 .60




I S . 2 
1 6 .4  
16 .9  
19*5





Fig* 2 . P la n ts  grown w ith o u t boron f o r  3° d ay s . Top l e f t  
and c e n te r  ru ta b a g a s , o th e r s  c a u lif lo w er*
17-
show bo ron  d e f ic ie n c y *  The dry  w eig h t shows l e s s  v a r i a t i o n ,  
th e  more d e f i c i e n t  s e e d lin g s  h av in g  from  a  l i t t l e  l e s s  th an  
one h a l f  th e  w eigh t o f th e  h e a lth y  ones to  a  l i t t l e  more 
th a n  one t h i r d  o f th e  w eig h t o f h e a l th y  ones* W ithout 
e x c e p tio n  th e  more d e f i c i e n t  p l a n t s  have a  s m a lle r  p e rc e n ta g e  
o f m oistu re*
The E f f e c t  o f D if f e re n t  Q u a n ti t ie s  o f Boron on
P la n t  Development
The second experim ent was conducted  to  s tu d y  th e
e f f e c t  o f  d i f f e r e n t  l e v e l s  o f  bo ron  on th e  grow th of r u ta -  
2bagas* The le v e l s  o f boron  were e s ta b l i s h e d  from  th e  
r e s u l t s  o f th re e  in v e s t ig a to r s *  The r e s u l t s  o f  experim en ts 
conducted  by Jo h n sto n  and Dore (M*3) showed th a t  th e  two 
v a r i e t i e s  o f tom atoes s tu d ie d  grew b e s t  i n  th e  s o lu t io n  
w ith  0*55 PP® o f b o ro n . U ewell p re s e n te d  ev idence  which 
Jo h n s to n  and F is h e r  (W ) p u b lis h e d  showing an in c re a s e  in  
grow th o f  tom atoes w ith  in c re a s in g  c o n c e n tra t io n s  up to  0*55 
ppm and a  d e c re a se  from  t h i s  c o n c e n tra t io n  up to  2*75 ppm.
On th e  o th e r  hand, H oagland and Snyder (35) had  found th a t  
0*1 ppm o f bo ron  was s u f f i c i e n t  to  grow s tr a w b e r r ie s  d u rin g  
th e  w in te r  months* From t h i s  ev id en ce  th e  bo ron  l e v e ls  were 
ta k en  a s  0 .1 ,  0*3 and 0*5 ppm. The p la n ts  were grown f o r  
17^  weeks from  O ctober 6th  to  F ebruary  2nd.
—  -  -
T his experim en t was conducted  a t  th e  U n iv e rs ity  
o f  M aryland from  O ctober 193& to  Jan u ary  1937*
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The w id th  o f th e  w id e s t ru ta b a g a  l e a f  was 
m easured a t  i n t e r v a l s  and th e se  d a ta  a re  p r e s e n te d  in  
T ab le  V and p l o t t e d  in  F ig u re  3* These d a ta  show th a t  th e
TABLE V
W idth o f th e  W idest L eaf o f R utabaga a t  D if f e re n t  
P e r io d s  of Development
P a r t s
p e r
m il l io n
Age o f p l a n t s  in  days
o f
boron 31 ...38 ... 56 63.... 69 76 84 122
In ch es In ch es In ch es In ch es In ch es In c h es In ch es In ch e s
.1 {•-♦53 5.^3 Sa? 8 .70 9 -04 9 .5 3 9 .9 3 11.49.3 5 .6 4 8 .1 4 9 .0 2 9 .7 2 10.13 IO .55 I I .69
*5 4 .% 5 .63 7 .8 2 8 .33 8 .83 9 .1 8 9 .5 0 11 .11
le a v e s  o f th e  p la n ts  su p p lie d  w ith  0*1 ppm and 0*3 ppm a re  
w id er th a n  th e  le a v e s  o f p la n ts  grown w ith  0 .5  ppm in  a l l  c a se s , 
th e  d i f f e r e n c e  a t  any one d a te  i s  n o t s i g n i f i c a n t .  However, 
when a l l  o f th e  d a ta  a re  co n s id e red  a s  a  whole th e  le a v e s  of 
p l a n t s  grown in  0 .1  ppm a re  found to  be s ig n i f i c a n t ly  w ider 
th a n  th o se  grown in  0*5 ppm and th e  d a ta  a s s o c ia te  h ig h  
s ig n i f ic a n c e  w ith  th e  w ider le a v e s  o f th e  p la n t s  r e c e iv in g  
0 .3  ppm in  com parison to  th o se  re c e iv in g  0*5 ppm. The ta b le  
and g raph  b o th  show t h a t  th e  d if fe re n c e  in  l e a f  w id th  was 
g r e a t e s t  i n  th e  l a t t e r  p a r t  o f th e  grow th p e r io d .  T h is shows 
t h a t  0 .3  ppm ex tended  th e  p e r io d  o f most r a p id  growth o r 
le n g th e n e d  th e  n e a r ly  s t r a i g h t  p a r t  o f th e  grow th cu rv e . The 
d ia m e te r  o f th e  s to ra g e  ro o t  o f ru ta b a g a s  was a ls o  m easured 
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Fig* 3* Curves showing th e  av erag e  w id th  in  in c h e s  of th e  
w id e s t ru ta b a g a  l e a f  of p l a n t s  grown w ith  0 *1 , 0*3 
and 0*5 PPm of  bo ron  m easured a t  d i f f e r e n t  ages#
p re s e n te d  in  T able VI#
A f te r  th e se  p la n t s  had been  t r e a te d  122 days th ey  
were h a rv e s te d  and th e  m easurem ents tak en  a t  t h i s  tim e a re  
p re s e n te d  in  T ab les VII and V III# T h is ta b le  shows th a t  th e  
p l a n t s  r e c e iv in g  0*3 PPm o t  boron weighed more and had l a r g e r
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TABLE VI
D iam eter o f  th e  S to ra g e  Root o f  R utabaga a t  D if f e re n t  
P e r io d s  o f Development
P a r t s  p e r  
m il l io n Age o f p la n t s  in  days
o f
boron 63 69 76 aij- 122
In ch es In c h e s In c h e s In ch es In ch es Inche s
•  1 
•3
• 5















Average W eight, and P e r  Cent M o is tu re  o f  R utabaga 
P la n ts  Grown w ith  D if f e re n t  L ev e ls  o f  Boron
P a r t  o f  p la n t
T reatm ent
Measurem ents
F re sh  w eigh t Dry w eigh t M oistu re
ppm* gms. gms. *■ ■
S to ra g e  ro o t 0 .1 *»32.o t o .  695 90.52
0 .3 h-511-. a t o . 251 90 .70
0 .5 329 .5 t o . 25 29.77
F eed ing  ro o ts 0 .1 t o .5 9 .200 76 .32
0-3





Leaves 0 .1 554 .4 42.946 91.17
0 .3 622.2 56.729 90 .22
0 .5 559.0 50.000 91 .06
T o ta l 0 .1 1027.9 9 9 .4 4 i 90.23
0 .3 1120.5 110.571 90.13
0 .5 990*3 102.696 89.73
2 1
TABLE V III
M easurem ents o f R utabaga Leaves from P la n ts  Grown 
w ith  D if f e re n t  L ev e ls  o f Boron* Each M easurement 
R e p re se n ts  th e  Average o f F iv e  P la n ts
ppm o f 
boron
Number of 
le a v e s
M easurem ents o f le a v e s
G re a te s t
le n g th




In ch es In ch es R a tio
0 .1 2 1 .4 25.99 11 .46 2 .2 6
0 .3 27 .5 27.00 11 .69 2 .3 1
0 .5 24 .3 2b . 11 11 .11 2 .3 5
le a v e s  th a n  e i t h e r  th e  0*1 o r  0*5 PPm o t  b o ro n . S ig n if ic a n c e  
can on ly  be a t ta c h e d  to  th e  d i f f e re n c e  in  w eigh t o f th e  p la n ts  
grown w ith  0 .5  and PPm boron  and th e  d if f e r e n c e  in  
w id th  o f th e  le a v e s  betw een th e  low  and th e  h ig h  boron p la n ts *  
None o f th e  p la n t s  had  e x te r n a l  symptoms of boron  d e f ic ie n c y  
b u t  some o f th e  s to ra g e  r o o ts  were a f f e c te d  in t e r n a l l y  (Fig* .
F ig# ^# S to rag e  ro o ts  o f  ru ta b a g a s  grown w ith  0 .1 ,  0*3 and 
0 .5  ppm o f b o ro n .
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One o f th e  r o o ts  from  th e  p la n t s  r e c e iv in g  0 .1  ppm had  a
brown r in g  w h ile  th e  o th e rs  were o f p o o r t e x tu r e .  The
s to ra g e  r o o ts  r e c e iv in g  0 .3  PP® were o f  much b e t t e r  q u a l i ty  
e x c e p t p la n t  number 11 which had ro o t  nem atodes. T his p l a n t  
h ad  a  p o o r ly  developed  r o o t  w ith  a  brown r in g  which ap p eared  
l i k e  bo ron  d e f ic ie n c y  symptom. The r o o ts  o f  p l a n t s  r e c e iv in g
0 .5  PP& o f  bo ron  were of e x c e l le n t  q u a l i ty  and th e  c o lo r  was
a  d eep er y e llo w  th an  t h a t  o f r o o ts  o f p la n t s  r e c e iv in g  o th e r  
t r e a tm e n ts .
C a u lif lo w e r  was used  a s  a  t e s t  p l a n t  i n  an o th e r  
experim ent^  i n  which th e  l e v e l s  o f boron  were th e  same a s  
i n  th e  ru ta b a g a  experim en t J u s t  d e s c r ib e d . The w id th  o f th e  
w id e s t l e a f  o f each p l a n t  was a g a in  u sed  as  a  measurement of 
g row th . The av erag e  m easurement o f le a v e s  o f  s ix  c a u lif lo w e r  
p l a n t s  does n o t show a  s ig n i f i c a n t  d i f f e r e n c e  betw een t r e a t ­
m ents a t  any one d a te  b u t  th e  m easurem ents te n d  to  become 
s i g n i f i c a n t  on th e  5 ^ th  and 67th  d ay s . The w id th s  o f  th e  
w id e s t le a v e s  a re  re c o rd e d  in  T able IX and p lo t t e d  in  F ig u re  5*
TABLE IX
W idths in  In ch es  o f th e  W idest Leaves of C a u lif lo w er 
P la n ts  Grown w ith  D if f e r e n t  L ev e ls  o f Boron and M easured 
a t  D if f e re n t  Ages o f  th e  P la n ts
Ace o f p la n ts  In  days



















^T his experim en t was c a r r ie d  on a t  th e  U n iv e rs ity  
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DAYS
Fig* 5* Curves showing th e  average  w id ths o f th e  w id es t 
l e a f  in  in c h e s  of c a u lif lo w e r  p la n ts  grown w ith  
0 . 1 , 0*3 and 0*5 ppm of b o ro n .
These d a ta  l i k e  th o se  f o r  ru ta b a g a s  show th a t  0*1 ppm o f bo ron  
i s  below  optimum f o r  grow th b u t u n lik e  ru ta b a g a  th e  b e s t  
grow th was made w ith  th e  h ig h e s t  c o n c e n tra t io n , 0*5 ppnw A ll 
p l a n t s  were h a rv e s te d  on th e  e ig h ty -seco n d  day a f t e r  t r a n s ­
p la n t in g .  At t h i s  tim e a l l  o f th e  heads re c e iv in g  0 .5  ppm were
m a rk e tab le  and on ly  h a l f  o f th o se  r e c e iv in g  0 .3  ppm. The 
v a r i a b i l i t y  o f  p la n t s  r e c e iv in g  0 .1  ppm was g r e a t e r  than  
th o se  r e c e iv in g  0 .3  o r  0 .5  ppm in  th a t  th e  0 .1  ppm group 
v a r ie d  from p la n t s  w ith  norm al m ature heads to  p la n t s  w ith o u t 
h e a d s . T y p ic a l heads from  p la n t s  grown w ith  th e  low and h ig h  
c o n c e n tra t io n s  a re  shown in  F ig u re  6 . The d a ta  o b ta in e d  a t  
h a r v e s t  a r e  p re s e n te d  i n  T ab les X and X I.
F ig .  6* C a u lif lo w e r h ead s a t  h a r v e s t .  L e f t  from  p la n t
r e c e iv in g  0 .1  ppm o f bo ron  and r i g h t  from  a p la n t  
r e c e iv in g  0 .5  ppm of b o ro n .
TABLE X
Average F re sh  W eight o f C a u lif lo w er P la n ts  Crown w ith  
D if f e re n t  L ev e ls  o f Boron
ppm of P ari ; o f p la n t w eighed
b o ro n Head F eed ing
r o o ts








go . 90 
go . 53
^7 .12
9 6 .0 ^
g g . ^
273.70  







Number o f  le a v e s ,  L eaf M easurem ents and L ength /W idth  R a tio  
o f  C a u lif lo w e r  L eaves from  P la n ts  Crown w ith  D if f e re n t  
L ev e ls  o f  B oron. Each M easurement R e p re sen ts  th e  Average 
o f S ix  P la n ts
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♦ R atio  o f lo n g e s t  to  w id e s t le a v e s .
Both ex p erim en ts  show th e  same tr e n d  a lth o u g h  th e  
d a ta  in  e i t h e r  experim en t a re  s ig n i f i c a n t  i n  on ly  a  few c a s e s . 
The medium l e v e l  o f  b o ro n , 0 .3  ppm, p roduced  a  g r e a te r  t o t a l  
w e ig h t o f fe e d in g  r o o t s ,  le a v e s  and stem . The e d ib le  p a r t  
was g r e a t e s t  i n  th e  ru ta b a g a  from th e  0 .3  ppm tre a tm e n t and 
from  th e  0 .5  ppm tre a tm e n t i n  c a u l i f lo w e r .  T his would in d ic a te  
t h a t  r e l a t i v e l y  l a r g e r  amounts o f boron were b e n e f i c i a l  f o r  
h ead  fo rm a tio n  y e t  none o f th e  p la n t s  grown w ith  0 .1  ppm o f 
bo ron  showed boron  d e f ic ie n c y  in  c a u l if lo w e r .  There was a  
d i s t i n c t  d i f f e re n c e  In  m a tu r i ty  a s s o c ia te d  w ith  th e  amount 
of b o ro n . On th e  o th e r  hand, w ith  ru tab a g a  th e  amount o f 
bo ron  had  l e s s  e f f e c t  on th e  ro o t  w eigh t and m a tu r ity  b u t had  
more e f f e c t  on th e  boron d e f ic ie n c y  symptoms and on q u a l i ty  
o f  th e  r o o t .
The g e n e ra l r e s u l t s  o f  experim en ts conducted  
s p e c i f i c a l l y  f o r  h i s t o l o g i c a l  s tu d ie s  may be m entioned h e re .
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Cabbage p l a n t s  were grown In  n u t r i e n t  s o lu t io n s  which con­
ta in e d  0*05 and 0*3 ppm o f  b o ro n . In  th e  experim en t w ith  
g reen  cabbage th e  h ig h e r  c o n c e n tra t io n  o f  boron p roduced  
l a r g e r  h e a d s , a  g r e a t e r  l e a f  w eigh t and a  g r e a t e r  t o t a l  
w eig h t th a n  was p ro d u ced  w ith  th e  lo w er c o n c e n tra t io n . The 
le a v e s  below  th e  head  were r e ta in e d  lo n g e r  on th e  p la n t s  w ith  
h ig h  bo ron  c o n c e n tra t io n  th a n  on th o se  w ith  th e  low concen­
t r a t i o n .  I n  th e  experim en t w ith  r e d  cabbage, w hich i s  a  
s lo w er grow ing p l a n t ,  th e  low l e v e l  o f boron p roduced  p la n t s  
w hich were s l i g h t l y  b e t t e r  th a n  th o se  p roduced  w ith  0 .3  ppm.
In  sum m arizing th e  r e s u l t s  o f th e  e f f e c t  of 
d i f f e r e n t  l e v e l s  o f bo ron  on p la n t  grow th 0 .3  ppm o f boron 
p roduced  th e  g r e a t e s t  t o t a l  w eigh t o f  ru ta b a g a , c a u lif lo w e r  
and  g reen  cabbage. The r e s u l t s  w ith  r e d  cabbage in d ic a te  t h a t  
t h i s  p l a n t  may have a  s l i g h t l y  lo w er optimum which may be a  
v a r i e t a l  d i f f e re n c e  o r  may be caused  by th e  d i f f e r e n c e  In  
grow th  r a t e .  S ince th e s e  experim en ts were conducted  L ohnis 
(*1*9 ) h as  shown t h a t  5 o f  b o r ic  a c id  (0 .S 7 ppm o f boron) 
w i l l  p re v e n t brown h e a r t  o f ru ta b a g a  b u t 0 .125  of  b o r ic  
a c id  (0 .0 2  ppm of boron) was n o t enough to  p re v e n t  t h i s  d i s ­
o rd e r .
The E f f e c t  o f Removal o f  Boron a t  D if fe re n t  Ages of P la n ts
E xperim ents were s t a r t e d  August 23 , 1937 to  s tu d y  
th e  e f f e c t  o f  th e  rem oval o f  boron a t  th e  end of 2^ , ^6 and 
67 days a f t e r  t r a n s p la n t in g .  The t e s t  p la n ts  in  t h i s  e x p e r i­
ment were B ru s s e ls  s p ro u ts ,  b r o c c o l i ,  g reen  cabbage, and re d
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cabbage* Each tre a tm e n t was r e p l i c a t e d  f iv e  tim es  w ith  each' 
k in d  o f p la n t*  The p l a n t s  in  t h i s  experim ent r e c e iv e d  0*3 
ppm o f bo ro n  a t  th e  o u ts e t  b u t  a f t e r  2^  days s ix  p la n t s  were 
f lu s h e d  w ith  2 q u a r ts  of n u t r i e n t  s o lu t io n  c o n ta in in g  0*05 
ppm o f bo ron  w hich rem ained  th e  n u t r i e n t  s o lu t io n  f o r  22 days* 
The o r ig in a l  p la n  was to  grow th e  p l a n t s  w ith  0*3 ppip o f  bofcon 
f o r  a  p e r io d  and th e n  change them to  0*05 ppm of boron f o r  th e  
rem ain d er o f th e  experim ent* However, when th e s e  p la n ts  had  
grown f o r  22 days w ith  0*05 ppm no e x te rn a l  symptoms o f 
d e f ic ie n c y  were e v id e n t ,  th e re fo r e  th ey  were changed to  a  
s o lu t io n  w ith o u t boron* A nother group o f s ix  p la n t s  o f  each 
k in d  in  t h i s  experim en t were f lu s h e d  and changed to  a s o lu t io n  
w ith o u t bo ron  on th e  same day , i* e * , k-6 days from  tra n s p la n tin g *  
S ix  o th e r  p l a n t s  o f  each  k in d  were changed from 0*3 ppm o f 
bo ron  to  no boron  when th e y  were 6 j  days old* In  an o th e r  ex p er­
im en t to  b e  d e s c r ib e d  l a t e r  th e  boron  was removed from ru ta b a g a  
a t  d i f f e r e n t  ages o f th e  p la n t*  The d a ta  w hich p e r t a in  to  th e  
rem oval o f boron  a re  p re s e n te d  h e re  w ith  th a t  f o r  B ru sse ls  
s p r o u ts ,  b r o c c o l i ,  g reen  cabbage and re d  cabbage* The w id th  
o f  th e  w id e s t l e a f  o f each  p la n t  was m easured s e v e ra l  tim es 
d u r in g  th e  experim en t and th e  av erag e  f o r  each  tre a tm e n t i s  
p re s e n te d  in  T able XII and p lo t t e d  in  F ig u re  7* ^h® p lo t t e d
d a ta  show th a t  th e  m easurem ents were made a t  th e  end o f th e  
p e r io d  of maximum grow th and th a t  a l l  o f  th e  p la n t s  were grow­
in g  a t  h a rv e s t  o r  &S days a f t e r  th ey  were t r a n s p la n te d .  Those 
w hich had  n o t re c e iv e d  boron  s in c e  th ey  were ^6 days o ld  and 
th o se  w hich had  most o f th e  boron removed from  th e  s o lu t io n  
when th ey  were 2^ days o ld  were a ls o  growing on th e  dS>th day*
23
ta b le : x ix
Average W idths o f  th e  W idest Leaves o f  F ive  K inds of 
P la n t s  o f th e  Genus B rae s i  oa w hich had th e  Boron Removed 
from  th e  N u tr ie n t  S o lu tio n  a t  D if f e r e n t  Ages o f th e  
P la n t
K ind o f Age when
Age o f p la n t  I n  days when m easurem ents
were made
p la n t boron  was 
removed 56 66 73 80 88 108
Days In c h e s In ch es In c h es In c h es In ch es In ch es
B ru s s e ls
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9 .6 1 10*05
Age o f p la n t  in  days when m easurem ents
were made
35 43 .54 65 73



















The r a t i o  o f th e  average  w id th  o f th e  w id es t l e a f  
f o r  any tre a tm e n t to  th e  w id th  of th e  w id es t l e a f  f o r  any o th e r  
tre a tm e n t i s  n e a r ly  c o n s ta n t f o r  each h in d  of p la n t  b u t  v a r ie s  
from  one k in d  o f p la n t  to  a n o th e r , Table X III* Table X III 
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F ig ,  7* Curves showing th e  average  w id th s  in  in c h es  of 
th e  w id es t le a v e s  o f  B ru s s e ls  s p r o u ts ,  b r o c c o l i ,  
g reen  cabbage and re d  cabbage which had th e  boxon 
removed when th e y  were 25 , 56 and 67 days o ld  and 
ru ta b a g a  p la n t s  w hich had  th e  boron  removed when 
th ey  were 15 , 5 l  and days old*
th e s e  o b s e rv a tio n s  was n e a r ly  co n s tan t*  I t  w i l l  be n o tic e d  
in  t h i s  t a b le  and in  F ig u re  7 t h a t  th e  r a t e  of in c re a s e  in  
grow th was g r e a t e r ,  a t  th e  tim e o f th e  l a s t  m easurem ents, f o r  
p l a n t s  which had  th e  bo ron  removed ea rly *  T h is i s  shown in
B ru s s e ls  sp ro u ts  which had  th e  boron  removed when they  were 
25 days o ld . The r a t e  o f grow th betw een th e  50th  and 5 5 th  
days was g r e a te r  th an  in  e i t h e r  o f th e  o th e r  t r e a tm e n ts . T h is 
i s  shown to  a  l e s s e r  e x te n t  w ith  b ro c c o l i  and re d  cabbage and 
to  a  g r e a te r  e x te n t  w ith  ru tabaga*  P re ced in g  t h i s  in c re a s e  
i n  r a t e  o f  grow th th e  o ld e r  le a v e s  tu rn  yellow  fo llo w ed  by 
d e a th  and a b s c is s io n .  I n  th e  case  of ru ta b a g a , d a ta  a re  
p re s e n te d  u n d er th e  n e x t experim en t to  show th a t  th e  o ld e r  
le a v e s  d ie .  The in c re a s e  in  th e  grow th o f each l e a f  and th e
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TABLE XIII
R a tio s  o f th e  W idths o f  th e  W idest Leaves o f F iv e  Kinds 
B ras s i  oa P la n ts*  The R a tio s  were O b ta ined  by D iv id in g  
th e  W idth o f  th e  W idest L eaf o f  a  P la n t  from  which Boron 
was Removed a t  One Time by th e  W idth o f th e  W idest L eaf 
o f a  P la n t  from  w hich Boron was Removed a t  A nother Time
K ind of T rea tm en ts
Age o f  p l a n t s  
men
in  days when m easure- 
t s  were made
p la n t c o n s t i tu t in g
r a t i o 56 66 .73 50 82
R a tio R a tio R a tio R a tio R a tio
B ru s s e ls
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Age o f p l a n t s  
men
in  days when 
t s  were made
m easure-
35 _>3 _ 54- . . 65 _ 73



















grow th r a t e  to g e th e r  w ith  f a c t s  which were n o t m easured, such  
a s  developm ent o f new le a v e s  a f t e r  boron  was removed, su g g e s t 
t h a t  bo ron  m ust have b een  t r a n s lo c a te d  from th e  o ld e r  le a v e s  to  
th e  younger o n es . A number o f I n v e s t ig a to r s  in  th e  p a s t  have
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s a id  t h a t  b o ro n  was f ix e d  and co u ld  n o t be u sed  ag a in  (S , ^ 2 ,
56, 79> BO and s e v e r a l  o th e r s ) .  However, in  a l l  o f th e  
ex p e rim en ts  w hich th e  a u th o r  has conducted  th e  o ld e r  le a v e s  o f 
d e f i c i e n t  p l a n t s  have tu rn e d  ye llo w  and d ie d  and th e  to p  of 
th e  p la n t  h as  co n tin u ed  to  grow, in  th e  same way th a t  p l a n t s  
d e f i c i e n t  in  ca lc ium  and magnesium m a in ta in  grow th a f t e r  th e  
f i r s t  ap p earan ce  o f d e f ic ie n c y  symptoms.
The d a ta  o b ta in e d  a t  h a rv e s t  a re  p re s e n te d  in  
T ab les  XIV and XV w hich show th a t  i n  p e r  c e n t of th e  c a se s  
an  in c re a s e  i n  th e  d u ra t io n  o f  bo ron  tre a tm e n t r e s u l t e d  i n  an 
in c re a s e d  grow th . The in c re a s e  i n  f r e s h  w eig h t was g r e a t e s t  
to  l e a s t ,  i n  th e  e d ib le  p a r t  o f th e  p l a n t ,  stem , le a v e s ,  and 
fe e d in g  r o o t s ,  r e s p e c t iv e ly .  McMurtrey (53) w orking w ith  
to b acco  found  th a t  th e  h e ig h t  o f p l a n t  was d i r e c t l y  p r o p o r t io n a l  
to  th e  le n g th  o f tim e boron  was s u p p lie d . In  t h i s  experim en t 
o n ly  one o f th e  p l a n t s ,  ru ta b a g a , approached  a  d i r e c t  p ro p o r­
t io n  o f th e  tim e o f bo ron  rem oval to  w eigh t o f th e  p la n t  p a r t s .  
The o th e r  w eigh t m easurem ents a re  f a r  from b e in g  d i r e c t l y  p ro ­
p o r t io n a l  to  th e  le n g th  of tim e boron  was s u p p lie d , F ig u re  g .
The stem  le n g th  i s  n o t p l o t t e d  b u t approaches th e  curve f o r  
l e a f  w e ig h t. These cu rv es  show t h a t  th e  e d ib le  p a r t  of th e  
p l a n t  does n o t grow a t  th e  same r a t e  a s  th e  o th e r  p la n t  p a r t s .  
A lso , th e  e d ib le  p a r t  o f  th e  d i f f e r e n t  k in d s  o f p la n ts  does 
n o t grow a t  th e  same r a t e .  From th e  r e s u l t s  o f t h i s  experim ent 
i t  does n o t seem p o s s ib le  to  make a  d e f in i t e  s ta te m e n t ab o u t 
th e  r e l a t i o n  o f  th e  le n g th  o f tim e boron i s  su p p lie d  to  th e  
f r e s h  w eig h t o f  th e  p la n t  p roduced . In  McMurtrey*s experim en t
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TABLE XIV
A verage F re sh  W eight i n  Grams a t  H arv es t o f  P la n ts  from  
which Boron was Removed a t  D if f e r e n t  Ages. Each M easure 
ment i s  th e  Average f o r  S ix  P la n ts
K ind o f Age when P a r t  o f D ian t
p la n t bo ro n  was 
removed
E d ib le
p a r t*
F eed ing
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Leaves Stem T o ta l
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4 6 6 .to 
829.19
*The e d ib le  p a r t  i s  th e  sp ro u ts  o f B ru s se ls  s p ro u ts ,  and 
th e  h ead  o f b r o c c o l i  and cabbage.
th e  bo ron  was removed o v er a s h o r te r  p e r io d  of tim e , 29 d ay s , 
w h ile  in  t h i s  experim en t th e  rem oval was o v er a  lo n g e r  p e r io d ,  
up to  67 d ays. In  t h i s  experim ent th e  boron  was n o t com plete ly  
removed on th e  2 ^ th  day , which su g g e s ts  th a t  th e  s l i g h t  amount 
o f  boron  su p p lie d  from  th e  2 ^ th  to  th e  ^ 6 th  day in c re a s e d  th e  
grow th  o v e r th e  t h e o r e t i c a l ,  b ased  on th e  grow th o f p la n ts  
w hich had th e  boron removed on th e  4-6th  and 67 th  days. The 
In c re a s e  in  grow th o v er t h a t  ex p ec ted  f o r  th e  24-day s tu d y  d i s ­
t o r t s  th e  s t r a i g h t l i n e  tendency  ih to  a  cu rv e , F ig u re  2>. However,
TABLE XV
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M easurem ents, and L ength /W idth  R a tio ,  o f Leaves from 
P la n ts  from which. Boron was Removed a t  D if f e r e n t  Ages
K ind of Age when M easurem ents of le a v e s
p la n t b o ro n  was 
removed
T o ta l
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le n g th
G rea t­
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T o ta l








Days In ch e s In ch es In ch es In ch es R a tio
B ru s s e ls














































































when th e  f r e s h  w eigh t i s  p l o t t e d  a g a in s t  th e  amount o f bo ron  
s u p p lie d  th e  cu rves f o r  each  p la n t  a re  a lm ost e x a c tly  th e  
same, F ig u re  9* From th e  curves shown in  F ig u re s  2> and 9 i t  
does n o t pppear th a t  th e re  i s  a  s t r a i g h t - l i n e  fu n c tio n  betw een 
th e  f r e s h  w eigh t o f  p l a n t  p a r t s  and th e  le n g th  o f  tim e boron  
i s  s u p p lie d , o r  th e  amount o f  bo ron  supp lied#
The b e s t  m easurab le  in d e x  of boron d e f ic ie n c y  ap p ears  
to  be th e  f r e s h  w eigh t o f  th e  e d ib le  p a r t ,  Table XIV and 
F ig u re s  6 and 9* The t o t a l  f r e s h  w eig h t i s  a  v e ry  good m easure 
o f  th e  b e h a v io r  of th e  p la n t  as  a  whole b u t  does n o t e x p re ss  
th e  developm ent o f th e  e d ib le  p a r t#  On a f r e s h  w eigh t b a s i s
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RUTABAGA
F ig ,  g . The r e l a t i o n  o f th e  f r e s h  w eigh t o f p l a n t  p a r t s ,  
w hich had th e  bo ron  removed a t  d i f f e r e n t  a g e s , 
to  th e  tim e bo ron  was s u p p lie d . Each g raph  
i s  drawn so t h a t  th e  d ia g o n a l r e p r e s e n ts  d i r e c t  
p r o p o r t io n .  The a b s c is s a  r e p re s e n ts  0 to  th e  
maximum number o f days bo ron  was su p p lie d  and th e  
o rd in a te  r e p r e s e n ts  0 to  th e  maximum w eigh t o f  th e  
p la n t  p a r t  c o n s id e re d  f o r  th e  p a r t i c u l a r  k in d  o f  
p l a n t .
th e  fe e d in g  r o o t s ,  stem s and le a v e s  a l l  develop  a t  ap p ro x i­
m ate ly  th e  same r a t e .
From th e  r e  s t i l t s  of t h i s  experim ent i t  would ap p ear 
t h a t  th e  b e s t  method o f p ro d u c in g  boron  d e f ic ie n c y  symptoms 
would be to  supp ly  p la n t s  w ith  an adequate  supp ly  of boron 
f o r  a  s h o r t  p e r io d ,  abou t IS  to  2^ d ay s , and fo llo w  w ith  
n u t r i e n t  s o lu t io n  c o n ta in in g  no b o ro n . T h is was done f o r  
c e r t a in  s p e c ie s  o f th e  genus B ra s s le a  n o t s tu d ie d  in  t h i s  
esqperim ent.







Fig* 9* The r e l a t i o n  o f th e  f r e s h  w eigh t o f p la n t  p a r t s  
o f  p l a n t s ,  w hich had th e  boron  removed a t  
d i f f e r e n t  a g e s , to  th e  amount o f  boron  su p p lie d .
Each g raph  i s  drawn so th a t  th e  d ia g o n a l r e p re s e n ts  
d i r e c t  p ro p o rtio n *  The a b s c is s a  r e p re s e n ts  0 to  
th e  maximum m illig ra m s  o f  boron  su p p lie d  and th e  
o rd in a te  r e p r e s e n ts  0 to  th e  maximum w eigh t of 
th e  p la n t  p a r t  co n s id e red  f o r  th e  p a r t i c u l a r  k in d  
o f p la n t*
To p re v e n t any q u e s tio n  abou t th e  meaning o f term s 
u sed  i n  th e  d e s c r ip t io n  o f boron  d e f ic ie n c y  symptoms, c e r t a in  
words a re  d e s c r ib e d  b r ie f ly *  Brown h e a r t  i s  a  name g iven  to  
an a r e a  o f  dead c e l l s  found  in  th e  r o o ts  of ru ta b a g a s  and 
tu r n ip s  and in  th e  stem  o f k o h lra b i*  In  th e  e a r ly  s ta g e s  o f  
d e f ic ie n c y  t h i s  ap p ears  w atery  and in  very  sev e re  ca ses  i t  
p ro d u ces  a  cav ity *  I n  th e  sev ere  ca ses  i t  i s  sometim es 
c a l l e d  ho llow  h e a r t .  The words c o rk , corky and corky appear. 
anoe r e f e r  to  a  rough , l i g h t  brown a r e a  on th e  su r fa c e  of
p la n t  p a r ts *  I t  w i l l  be shown in  th e  s e c t io n  on h is to lo g y
t h a t  In  th e  m a jo r i ty  o f  c a se s  t h i s  i s  n o t a  t r u e  co rk .
C racks a r e  lo n g i tu d in a l  s p l i t s  i n  th e  p e t i o l e s ,  stem s and 
r o o t s  o f p l a n t s  ex c ep t i n  C hinese Cabbage where th ey  a re  
t r a n s v e r s e .  C u rlin g  i s  an abnorm al ben d in g  downward of th e  
m idrib*  D w arfing i s  a  re d u c tio n  in  s iz e  o f p l a n t  p a r t s  
u s u a l ly  w ith o u t a  r e d u c t io n  in  th e  number of p a r t s .  R o llin g  
I s  a  m a rg in a l ben d in g  upward o r  downward o f th e  l e a f  from 
th e  m id r ib . In  rugose  le a v e s  th e  v e in s  and v e i n l e t s  a re  
sunken and th e  sp aces betw een them a re  e le v a te d .  S w ellin g s 
a r e  p ro tu b e ra n c e s  composed o f much e lo n g a te d  th in  w a lled  
c e l l s .  W rink led  v e in s  fo llo w  a  v ery  i r r e g u l a r  p a th  in  th e  
p la n e  o f th e  l e a f  b la d e .
As th e re  a re  a  few symptoms which a re  common to  
a lm o st a l l  B ra s s ic a  p la n t s  grown w ith o u t an adequate  supp ly  
o f  b o ro n , th e y  w i l l  be s t a t e d  h e r e .  The le a v e s  of p la n ts  
d ev e lo p in g  a f t e r  boron  d e f ic ie n c y  o ccu rs  a re  s h o r te r  and 
n a rro w er th a n  th e  le a v e s  o f h e a lth y  p l a n t s .  However, th e  
le n g th -w id th  r a t i o  I s  seldom  s ig n i f i c a n t ly  changed. The e n t i r e  
p l a n t  i s  dw arfed and th e  a p ic a l  m eristem  of d is e a se d  p la n t s  
d ie s  p re m a tu re ly . U su a lly  a l l  o th e r  symptoms ap p ea r b e fo re  
t h i s  m eristem  i s  d e s tro y e d .
The fo llo w in g  d e s c r ip t io n s  o f  bo ron  d e f ic ie n c y  
a re  a rra n g e d  a lp h a b e t ic a l ly  by th e  h o r t i c u l t u r a l  name o f th e  
p l a n t .  The sequence o f boron  d e f ic ie n c y  symptoms may v ary  
w ith  th e  age o f th e  p la n t  a t  th e  tim e boron becomes th e  
l im i t i n g  f a c t o r .
B ro c c o l i . B ra s s ic a  o le ra c e a ,  v a r . i t a l i c a . H o r t i ­
c u l t u r a l  v a r i e t y , I t a l i a n  g reen  " sp ro u tin g . In  th e  greenhouse
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t h i s  p l a n t  shows boron  d e f ic ie n c y  e a r l i e r  th an  th e  o th e r  
p l a n t s  s tu d ie d .  In  th e  f i e l d ,  how ever, i t  does n o t show 
symptoms a s  e a r ly  a s  c a u lif lo w e r  o r  ru ta b a g a . The f i r s t  ex­
t e r n a l  symptom o f bo ron  d e f ic ie n c y  i s  a  c u r l in g  and r o l l i n g  
o f th e  le a v e s  fo llo w ed  by an a b s c is s io n  o f th e  o ld e r  le a v e s ,  
F ig u re s  10 and 11 . Soon sm all sw e llin g s  ap p ear on th e  stem
Fig* 10 . B ro c c o li le a v e s  showing c u r l in g  and r o l l i n g .
and u nder s id e  o f th e  p e t i o l e ,  which l a t e r  have a  corky ap p ear­
a n c e , F ig u re  12 . About th e  same tim e lo n g i tu d in a l  c rack s of 
v a r io u s  le n g th s  ap p ear on th e  p e t i o l e ,  most f r e q u e n t ly  on 
th e  u nder s id e ,  F ig u re  13* The le a v e s  a re  v e ry  b r i t t l e .  I f  
th e  p la n t  i s  n o t i n  bud o r f lo w e r th e  stem s to p s  growing 
q u ic k ly ,  r e s u l t i n g  in  a f l a t  to p , and l a t e r a l  sh o o ts  develop  
more r a p id ly  th an  u s u a l .  When th e - p la n t  i s  in  bud  th e
3#
F ig .  11 . B ro c c o li grown w ith  0*05 ppm o f boron  f o r  22 days 
and then  w ith  no b o ro n . T h is p la n t  had e u r le d  
and r o l l e d  le a v e s  and a b s c is s io n  o f th e  o ld e r  
le a v e s  o c c u rre d .
F ig .  12. P e t io l e s  and m id rib s  o f b ro c c o l i  showing th e
developm ent o f sw e llin g  and co rk . In  number 1 
th e  sw e llin g  i s  J u s t  s t a r t i n g .  In  number 2 I t  
i s  somewhat l a r g e r  and i s  t r a n s p a re n t  w ith  a  l i g h t  
g reen  c o lo r .  In  th e  rem ain ing  p e t io l e s  and 
m id rib s  th e  sw e llin g s  have th e  appearance o f sm all 
sh a llo w  c rack s  w ith  a corky s u r fa c e .  I n  number 6 
th e  sw e llin g s  a re  J u s t  b e g in n in g  to  ap p ea r on th e  
secondary  v e in s .
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F ig .  13 . P e t io l e s  from  b ro c c o l i  p l a n t s  which had re c e iv e d  
bo ron  b u t n o t enough f o r  h e a lth y  g row th . The 
most se v e re  c rack  s p l i t  th e  p e t i o l e .  The second 
p e t i o l e  from  th e  l e f t  h as  two sw e llin g s  on i t .
in d iv id u a l  buds tu r n  brown and a b s c is s io n  o f  th e  buds ta k e s  
p la c e  b e fo re  th e  head  i s  m arketab le*  T h is cau ses th e  head  
to  be i r r e g u l a r  in  shape and of p o o r q u a l i ty ,  F ig u re  1 ^ . When 
th e  p l a n t  i s  i n  b lossom  a b s c is s io n  o f th e  seed  pods o cc u rs  
b e fo re  seed  i s  d ev e lo p ed . In  th e  f i e l d  p la n t s  have been  
o b se rv ed  w ith  c u r le d  le a v e s ,  c rack ed  p e t i o l e s ,  co rk  on th e  
stem  and p e t i o l e ,  and a b s c is s io n  o f b u d s.
Fig* 14*. A ll  o f th e  buds on one o f th e  c lu s t e r s  o f  th e
head  on th e  l e f t  have f a l l e n  o f f  and p a r t  o f th e
buds on o th e r  c l u s t e r s .  The head on th e  r i g h t  has
brown buds s c a t t e r e d  o v er i t .
B ru s s e ls  s p r o u ts , B ra s s ic a  o le ra c e a  v a r .  
gem m lfera, DC. H o r t i c u l tu r a l  v a r i e ty  S p e c ia l I t a l i a n . B ru sse ls  
s p ro u ts  do n o t show th e  symptoms o f boron  d e f ic ie n c y  as  q u ick ­
l y  as  do b r o c c o l i  n o r  do th e  symptoms p ro g re s s  as  r a p id ly  a f t e r  
th e y  a p p e a r . The f i r s t  e x te rn a l  symptom i s  th e  appearance 
o f  sw e llin g s  which l a t e r  have a corky ap p earan ce . These may 
ap p ear on th e  p e t io l e s  o r  stem . The sw e llin g s  w hich ap p ear on
th e  stem  o ccu r j u s t  above th e  a x i l l a r y  bud and sp read  v e r t i c a l l y
and l a t e r a l l y ,  F ig u re  15* The v e in s  of th e  le a v e s  o f p la n t s  
w hich do no t re c e iv e  s u f f i c i e n t  boron a re  w rin k le d , F ig u re  l 6 .  
The le a v e s  a t  th e  b ase  of p la n t s  showing d e f ic ie n c y  f a l l  o f f  
b e fo re  th e  b a s a l  le a v e s  o f h e a lth y  p l a n t s .  C h lo ro s is  i s  v e ry  
common, o c c u rr in g  a t  th e  m argin f i r s t  and p ro g re s s in g  tow ard 
th e  m id r ib , F ig u re  17* L a te r  a re d  pigm ent deve lops on th e  
u n d er s id e  o f th e  l e a f .  The d ea th  o f th e  t i p  o f th e  p la n t  i s  
u s u a l ly  th e  l a s t  e x te r n a l  symptom, J 'ig u re  IB , When th e  d e f i -
Fig* 1 5 . S w e llin g s  on th e  stem  of B ru s s e ls  s p ro u ts .
F ig* l 6 . L eaf showing w rin k le d  v e in s .
2̂-
F lg .  17 . The p la n t  on th e  l e f t  d id  n o t re c e iv e  an adequate  
q u a n t i ty  o f  boron  and shows ru g o se , c h lo r o t i c  
le a v e s .  The p la n t  on th e  r i g h t  i s  h e a l th y .
F ig .  IS .  B ru s s e ls  s p ro u ts  showing th e  p rem atu re  d ea th  of 
th e  a p ic a l  m erlstem .
c ien cy  o ccu rs  b e fo re  th e  s p ro u ts  b eg in  to  d ev e lo p , no sp ro u ts  
a r e  p roduced  o r  they  a r e  v e ry  sm all# I f  th e  d e f ic ie n c y  o ccu rs  
a f t e r  th e  s p ro u ts  have s t a r t e d  to  d ev e lo p , th e  s p ro u ts  a re  
s m a lle r  th a n  u su a l and th e  o u ts id e  le a v e s  a re  d i s t o r t e d  and 
c u r le d  outw ard form ing  v e ry  lo o s e ,  s p ro u ts ,  F ig u re  19*
*5
P ig .  19- B ru s s e ls  s p ro u ts  p roduce v ery  lo o se  s p ro u ts  when 
bo ron  i s  d e f i c i e n t .
Cabbage, B ra s s ic a  o le ra c e a  v a r . c a p i t a t a , L in n . 
H o r t i c u l t u r a l  v a r i e t i e s  E a r ly  J e r s e y . W akefield  and Mammoth 
Red Rock. The le a v e s  o f boron d e f i c i e n t  cabbage p la n ts  
droop and have a  w i l te d  appearance y e t  f e e l  v e ry  th ic k  and 
s t i f f .  The le a v e s  w hich develop  when th e  p la n t  i s  n o t 
a d e q u a te ly  s u p p lie d  w ith  boron a re  c u r le d , due to  a d i f f e re n c e  
i n  grow th r a t e  o f th e  d i f f e r e n t  p a r t s  o f  th e  l e a f .  Some of 
th e  le a v e s  may be b roken  by th e  s t r a i n  r e s u l t in g  from th e  
d i f f e r e n c e  in  grow th r a t e ,  F ig u re  20 . Such le a v e s  a re  v ery  
b r i t t l e  and b reak  e a s i l y  when to u ch ed . L ike th e  p rece d in g  
p l a n t s ,  cabbage, p a r t i c u l a r l y  th e  r e d  cabbage, has sw e llin g s  
w hich l a t e r  cork  o v e r . In  cabbage th e se  g ra d u a l ly  develop 
up th e  p e t i o l e ,  on th e  under s id e ,  on to  th e  m id rib  and 
o c c a s io n a l ly  a re  found on th e  secondary  and t e r t i a r y  v e in s ,  
F ig u re  21 . When th e  d e f ic ie n c y  o ccu rs  b e fo re  th e  head s t a r t s
W-
F ig .  20* P la n t  number 10 shows th e  w il te d  appearance  o f 
a  p l a n t  r e c e iv in g  to o  l i t t l e  boron* P la n t  
number 2 h as  le a v e s  b roken  by th e  m echan ical 
s t r e e s e s  s e t  up when boron  i s  n o t supp lied*  
P la n t  number 11 p roduced  no head* P la n t  
number 15 i s  h ea lth y *
F ig* 21* A re d  cabbage l e a f  which shows sw e llin g s  on
th e  under s id e  of th e  p e t i o l e  and m idrib* The 
i n t e r i o r  o f th e  stem  o f th e  p la n t  has brown 
s p o ts  e s p e c ia l ly  n e a r  th e  top*
to  form , no h ead  I s  p ro d u ced , F ig u re  22. However, i f  th e  head  
i s  f a i r l y  w e ll  d eve loped  when th e  d e f ic ie n c y  o c c u rs , a b s c is ­
s io n  o f th e  o u ts id e  le a v e s  of th e  head  o c c u rs , cau s in g  th e  
h ead  to  ap p ea r y e llo w , F ig u re  23* Almost a l l  of th e  m id rib s  
o f  th e  o u te r  le a v e s  of th e  head  may have cork a t  th e  tim e o f 
h a r v e s t ,  F ig u re  2^# The stem  o f  cabbage p la n t s  which have 
n o t  been  a d e q u a te ly  s u p p lie d  w ith  boron have brown a re a s  
s im i la r  to  th o se  found  i n  c a u lif lo w e r  s u f f e r in g  from  t h i s  
d e f ic ie n c y .  In  th e  f i e l d ,  p la n ts  have been  o b serv ed  in  
which a b s c is s io n  o f  th e  o u te r  le a v e s  o f th e  head  has o c c u rre d  
and w ith  brown a re a s  in  th e  stem .
Fig# 22* Cabbage p l a n t s  p roduce no head  i f  d e f ic ie n c y  
o ccu rs  b e fo re  head  fo rm a tio n  b e g in s  ( l e f t ) .
However, i f  head  fo rm a tio n  h as  s t a r t e d  a  sm all 
lo o se  head  i s  p roduced  w ith  a  brown a re a  in  th e  
to p  o f th e  stem  ( r i g h t ) .
Kimbrough (^5) i n  r e p o r t in g  on th e  e f f e c t  of so u rces  
o f  n i tro g e n  found th a t  n i t r a t e  o f soda was s u p e r io r  to  ca lcium  
n i t r a t e  f o r  th e  grow th of cabbage. The d e s c r ip t io n  and p i c ­
tu r e s  i n d ic a t e  th a t  h i s  cabbage p la n t s  were s u f fe r in g  from 
b o ro n  d e f ic ie n c y  even when su p p lie d  w ith  C hilean  n i t r a t e  of soda.
u
F ig . 23* When boron  d e f ic ie n c y  o ccu rs  a f t e r  th e  head i s  
form ed a b s c is s io n  causes th e  le a v e s  to  s e p a ra te  
from  th e  stem . The p ic tu r e  on th e  l e f t  i s  of a  
p l a n t  grown in  th e  greenhouse w hile  t h a t  on 
th e  r i g h t  i s  from a  f ie ld -g ro w n  p l a n t .
F ig ,. 2^* The o u te r  le a v e s  o f a  cabbage head s u f f e r in g  
from  sev ere  boron  d e f ic ie n c y . Note th e  corky 
appearance o f th e  m id rib  and v e in s .
7̂
C a u lif lo w e r , B ra s s io a  o le ra o e a  v a r . b o t r y t i s . L in n , 
H o r t l c u l t u r a l  v a r ie ty  Super S now ball, s e v e r a l  s t r a i n s . Brown 
r o t  o f c a u l i f lo w e r  h as  been  known f o r  tw e n ty -f iv e  o r  t h i r t y  
y e a rs  and h as  caused  s e r io u s  damage to  c a u l i f lo w e r ,  p a r t i c u l a r ­
l y  In  New York in  some se a so n s . Chupp and H o r s f a l l  (12) 
p u b lis h e d  a  d e s c r ip t io n  o f th e  d is e a s e  in  1933 an<3- s t a t e d  th e  
d is e a s e  was m ost se v e re  in  seaso n s w ith  low r a i n f a l l  d u r in g  
June  and J u ly .  These i n v e s t ig a to r s  and o th e rs  cou ld  n o t 
i s o l a t e  any organism  and Chupp and H o r s f a l l  th o u g h t th e  tr o u b le  
m ight be r e l a t e d  to  w a te r  h e a r t  i n  ru ta b a g a . In  1935 D earborn 
and R a le ig h  (1*0 c o n t ro l le d  t h i s  d is e a s e ,  a ls o  c a l le d  I n te r n a l  
brow ning , w ith  a p p l ic a t io n s  o f  b o rax  o f 1*25 to  5 pounds p e r  
a c r e .  The l a t t e r  in v e s t ig a to r s  w ith  Thompson (15) p u b lis h e d  
th e  r e s u l t s  o f g reenhouse and f i e l d  experim en ts  a  y e a r  l a t e r  
showing th e  t ro u b le  was c o n t ro l le d  w ith  6 pounds o f b o rax  p e r  
acre*
The f i r s t  symptom o f bo ron  d e f ic ie n c y  in  c a u l i ­
f lo w e r  i s  a  r o l l i n g  o f th e  le a v e s ,  u s u a lly  downward. At t h i s  
tim e th e  le a v e s  a re  v e ry  b r i t t l e ,  b re a k in g  e a s i ly  when touched  
and o c c a s io n a lly  b re a k in g  w ith o u t b e in g  touched , F ig u re  25. 
L a te r  th e  younger le a v e s  a re  v ery  b a d ly  r o l l e d  and c u r le d  and 
th e  in te rm e d ia te  le a v e s  may be  ru g o se . In  sev ere  cases  th e  
young le a v e s  have an e n la rg e d  m id r ib , w ith  no l e a f  b la d e ,
F ig u re  26* S ev ere ly  a f f e c te d  le a v e s  f r e q u e n tly  have cork on 
th e  m id r ib . P la n ts  s u f f e r in g  from  t h i s  d e f ic ie n c y  a re  alw ays 
dw arfed . When boron d e f ic ie n c y  i s  n o t sev e re  a  head  i s  
d eve lo p ed  w hich has w atery  o r brown a re a s  and th e  stem s of
Fig* 25. The p la n t  on th e  l e f t  r e c e iv e d  boron f o r  on ly  
18 days* The le a v e s  a re  c u r le d , r o l l e d  and 
c rack ed  and th e  head  i s  v e ry  sm all and brown* 
The p la n t  on th e  r i g h t  was s u p p lie d  w ith  boron 
c o n tin u a lly *
Fig* 26* The two le a v e s  on th e  l e f t  a re  from  h e a lth y  p la n t s  
and th e  fo u r  in  th e  c e n te r  a re  from boron  d e f i c i e n t  
p la n ts *  The heads on th e  r i g h t  a re  from  h e a lth y  
p la n t s  w h ile  th e  o th e rs  a re  from d e f i c i e n t  p l a n t s .
H-9
such  heads have t r a n s p a r e n t  o r  brown a r e a s , F ig u re  27. Ho 
h ead  i s  p ro d u ced  on ex trem ely  d e f i c i e n t  p l a n t s .  Some w orkers
r  *
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F ig .  27. F ie ld -g ro w n  p la n t s  w ith  v a ry in g  d eg rees  o f boron 
d e f ic ie n c y .  The two heads on th e  r i g h t  and p a r t  
o f  th e  second one from th e  l e f t  a re  s e v e re ly  
a f f e c t e d  w ith  boron  d e f ic ie n c y .  Note th e  w atery  
and brown a re a s  in  th e  stem .
have c laim ed  t h a t  boron d e f ic ie n t  c a u lif lo w e r  h as  hollow  stem s 
b u t  in  a  f i e l d  experim en t in  1937 no r e l a t i o n  co u ld  be found 
betw een boron  d e f ic ie n c y  symptoms and hollow  stem  o r  betw een 
th e  amount of b o rax  a p p l ie d ,  up to  5°  pounds p e r  a c re ,  and 
th e  number of p la n ts  w ith  ho llow  stem s. In  p la n t s  showing 
b o ro n  d e f ic ie n c y  th e  t i s s u e  around th e  c a v ity  i s  alw ays w ate ry  
o r  brow n. The same i s  a l s o  t r u e  f o r  b r o c c o l i .  Hartman ( 32 ) 
w ork ing  a t  th e  same tim e a t  Purdue U n iv e rs ity  and Long I s la n d  
o b se rv ed  ho llow  stem s w ith  one o f h i s  boron tre a tm e n ts  and 
s t a t e d  "T his was th e  o n ly  case  in  t h i s  ex p e rim en t, o r in  any 
o th e r s ,  where ho llow  stem  was p roduced  in  th e  greenhouse w ith ­
o u t known boron d e f ic ie n c y ."  The a u th o r  has observed  a l l  o f 
th e  symptoms o f bo ron  d e f ic ie n c y  in  c a u lif lo w e r  under f i e l d  
c o n d i t io n s .
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C hinese Cabbage» B ra s s le a  p e k in e n s ls . H o r t lc u l-  
t u r a l  v a r i e ty  C h ih i l i  ( C e le ry  C abbage). Boron d e f ic ie n c y  in  
C hinese cabbage i s  f i r s t  ex p re sse d  a s  c u r l in g  and r o l l i n g  of 
th e  le a v e s ,  p a r t i c u l a r l y  a t  th e  t i p s .  L a te r  th e  d e f ic ie n t  
p l a n t s  have ru g o se  le a v e s  much l i k e  th e  le a v e s  of savoy 
cabbage, F ig u re  23 . When th e  d e f ic ie n c y  ex ten d s  f o r  a  p e r io d
m
Fig* 2£ . The two C hinese cabbage p la n t s  on th e  l e f t  show 
b o ro n  d e f ic ie n c y  as c u r le d  rugose le a v e s .  The 
p l a n t  on th e  r i g h t  re c e iv e d  b o ro n .
o f  tim e th e  m id rib  becomes crack ed  In s id e  t r a n s v e r s e ly  and th e  
l e a f  becomes c h lo r o t i c ,  F ig u re  29* T his i s  th e  o n ly  p la n t  
in  th e  B ras s i  ca group which has t r a n s v e rs e  c rack s  and i s  
u n lik e  c e le ry  which h as  th e  c rack s  on th e  o u ts id e  of th e  
p e t i o l e  ( 67 ) .  D e f ic ie n t  C hinese cabbage p la n t s  do n o t p roduce 
a  m ark e tab le  head  a s  th e  top  o f th e  stem  i s  k i l l e d  v ery  e a r ly ,  
F ig u re  3 0 . No symptoms o f boron d e f ic ie n c y  in  t h i s  p la n t  
have been  observ ed  in  th e  f i e l d .
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F ig ,  29* The l e a f  on th e  l e f t  shows t r a n s v e rs e  c rack in g  
o f C hinese cabbage due to  i n s u f f i c i e n t  b o ro n . 
The l e a f  on th e  r i g h t  i s  h e a l th y .
F ig .  30 . W ithout boron  C hinese cabbage do n o t produce a
m ark e tab le  h ead . The heads on th e  l e f t  and r i g h t  
a re  from p la n t s  w e ll  su p p lie d  w ith  b o ro n , w h ile  
th o se  in  th e  m iddle a re  d e f i c i e n t .
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K a le , B ra s s io a  o le ra c e a  v a r .  a c e p h a la , DC. H o r t i ­
c u l t u r a l  v a r i e ty  Dwarf B lue S co tc h . L ike C hinese cabbage 
t h i s  r a p id  grow ing p la n t  has few er symptoms th a n  some o f th e  
slow  grow ing p l a n t s .  When boron  i s  w ith h e ld  from th e  n u t r i e n t  
s o lu t io n  th e  le a v e s  o f k a le  a re  more c u r le d  and r o l l e d  th an  
th e  le a v e s  o f  d e f i c i e n t  p la n t s  a lre a d y  d e s c r ib e d , F ig u re  31«
F ig .  31 . The k a le  p la n t  on th e  l e f t  r e c e iv e d  boron only
d u rin g  i t s  e a r ly  s ta g e  o f g row th , th e  one on th e  
r i g h t  r e c e iv e d  boron  c o n tin u a lly #
C h lo ro s is  i s  d i s t r i b u t e d  o ver th e  e n t i r e  l e a f ,  F ig u re  3 2 # The 
le a v e s  o f d e f i c i e n t  p l a n t s  a re  f r e q u e n t ly  rugose# L ike o th e r  
p l a n t s  in  t h i s  genus, brown dead a re a s  ap p ear in s id e  th e  stem 
b e fo re  th e  t i p  d ie s ,  F ig u re  33# The t i p  does n o t d ie  u n t i l  
th e  I n t e r n a l  breakdown h as  ex tended  to  th e  o u te r  p a r t  o f th e  
stem , c u t t in g  o f f  th e  su p p ly  o f n u t r i e n t s  from th e  r o o t .  
L a te r a l  sh o o ts  f r e q u e n t ly  develop  below th e  dead t i p .
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Fig* 32* H ea lth y  k a le  le a v e s  have a  d ark  g reen  e o lo r  ( l e f t )  
w h ile  bo ron  d e f i c i e n t  le a v e s  a re  c h lo ro tic *
F ig* 33* L o n g itu d in a l s e c t io n  th ro u g h  th e  stem o f  k a le  
p la n ts *  The stem  in  th e  to p  row l e f t  i s  from 
a  h e a lth y  p la n t*  The o th e r  stem s show v ary in g  
am ounts o f boron  d e fic ie n c y *
5*4-
K o h lra b i . B ra s s io a  o le ra c e a  var* Caulo- R apa, DC. 
H o r t i c u l t u r a l  v a r ie ty  W hite V ienna* U nlike most o f  t h i s  
group k o h lr a b i  p la n t s  w ith  boron  d e f ic ie n c y  grow more e r e c t  
th a n  th o se  p l a n t s  w hich do re c e iv e  b o ro n , F ig u re  3^* The
F ig* 3^* The two k o h lra b i  p la n t s  on th e  l e f t  show boron 
d e f ic ie n c y .  The one on th e  r i g h t  i s  h e a l th y .
c u r l in g  and r u g o s i ty  of th e  le a v e s  i s  n o t q u i te  a s  n o t ic e a b le  
and th e  sw e llin g  on th e  stem s ih  d e f i c i e n t  p la n t s  i s  l e s s  
common th a n  in  o th e r  members o f th e  genus B ras s i  c a . I f  th e  
p l a n t  i s  d e p r iv e d  o f bo ron  b e fo re  th e  e d ib le  p a r t  of th e  stem  
s t a r t s  to  d ev e lo p , l i t t l e  o r  no developm ent ta k e s  p la c e .  How­
e v e r ,  when boron  i s  removed from th e  p la n t  a f t e r  th e  e d ib le  
p a r t  h as  begun to  e n la rg e ,  f u r th e r  developm ent i s  s l i g h t l y  
r e ta rd e d  and th e  s u r fa c e  becomes more o r l e s s  covered  w ith  
c o rk , F ig u re  35* Such stem s a re  o f te n  abnorm al in  shape and 
develop  w a te ry  o r  brown a re a s  and in  some ca ses  become h o llo w , 
F ig u re  36* These symptoms have been  observed  on ly  in  th e  
g reen h o u se .
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35* o u te r  s u r fa c e  o f k o h lra b i  becomes rough when
boron  i s  i n s u f f i c i e n t  (two on l e f t ) •
F ig .  36 . The in s id e  of k o h lra b i stems become w a te ry , brown 
o r  ho llow  when th e  p la n t s  a re  d ep riv e d  of b o ro n .
W hite M u sta rd , B ra s s ic a  a lb a , B o is s . H o r t i c u l tu r a l  
v a r ie ty  W hite London. W hite m ustard  su p p lie d  w ith  boron  f o r  
12> days h as  no d e f ic ie n c y  symptoms when grown f o r  g re e n s . 
However, p l a n t s  grown f o r  seed  f a i l  to  f lo w e r  when boron 
d e f ic ie n c y  o cc u rs  b e fo re  f lo w e r fo rm a tio n  and f a i l s  to  f r u i t  
when th e  d e f ic ie n c y  o ccu rs  J u s t  a f t e r  f lo w er fo rm a tio n . 
D e f ic ie n t  p l a n t s  a re  dw arfed , have c u r le d  le a v e s  which f r e ­
q u e n tly  r o l l  down, and show r u g o s i ty ,  F ig u re  37* D e f ic ie n t  
p l a n t s  have few er seed  s t a lk s  and th e  ones produced  a re  s h o r t
w ith  m alform ed blossom s and leav es*
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Fig* 37* two w h ite  m ustard  p la n t s  on th e  l e f t  d id
n o t r e c e iv e  enough b o ro n # The one on th e  r i g h t
i s  h ea lth y #
R ape# B ra s s lc a  N apus» L in n # The symptoms of boron  
d e f ic ie n c y  in  rap e  a re  a lm o st e x a c tly  th e  same as  th o se  f o r  
k a le#  Rape p l a n t s  a re  dw arfed  w ith  ru g o se , c h lo r o t i c ,  r o l l e d  
le a v e s .  F re q u e n tly  th e  p e t i o l e s  a r e  c racked  and th e  stem 
u s u a l ly  h a s  brown dead a r e a s .
R u tabaga, B ra s s lc a  Napo- b r a s s l c a , DC# H o r t ic u l tu r a l  
v a r i e ty  American P u rp le  Top# Brown h e a r t  o f ru ta b a g a  has been 
o b se rv ed  f o r  tw e n ty -f iv e  y e a rs  o r  more# In  1915 Woods (S6 ) 
d e s c r ib e d  th e  d is e a s e  and p re s e n te d  th e  r e s u l t s  o f th e  p re v io u s
s e a s o n ^  work which showed th a t  th e  c o n d itio n  was n o t caused
by an organism  and cou ld  be p a r t i a l l y  c o n t ro l le d  by th e  u se  o f 
manure# H u rs t (37) came to  s im i la r  co n c lu s io n s  in  193°♦ In  
193^ MacLeod and Howatt (50) found th a t  brown h e a r t  cou ld  be 
c o n t r o l l e d  by ap p ly in g  10 pounds of b o rax  p e r  a c re  in  th e  row#
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S in ce  193^ in v e s t i g a to r s  a l l  o v er th e  w orld  have s tu d ie d  
brow ning  o f ru ta b a g a  and th e  amount of boron n e c e ssa ry  to  
c o n t r o l  i t .
I n  th e  summer o f  193^ ex p erim en ts  were conducted  
i n  th e  f i e l d  i n  th e  ru ta b a g a  s e c t io n  o f M aine. S ince th a t  
tim e many ex p erim en ts  have been  conducted  w ith  ru ta b a g a  i n  
th e  f i e l d  and in  th e  greenhouse* The f i e l d  experim en ts 
have shown t h a t  5 and 6 pound a p p l ic a t io n s  were n o t s u f f i c i e n t  
b u t  th e  10 pound a p p l ic a t io n s  p re v e n te d  brown h e a r t  in  a l l  o f  
th e  t r i a l s  in  th e  ru ta b a g a  s e c t io n .  I n  one experim ent in  
1937 I n  w hich th e  r a t e  o f  b o rax  v a r ie d  from 5 to  5° pounds 
p e r  a c re  th e  h ig h e s t  a p p l ic a t io n  p roduced  much b e t t e r  ru ta b a ­
gas th a n  th e  low er ones b u t  none o f  th e  a p p l ic a t io n s  p roduced  
ru ta b a g a s  e n t i r e l y  f r e e  from  brown h e a r t .  C a u lif lo w e r were 
grown in  th e  same f i e l d  a s  th e  ru ta b a g a  and on ly  a sm all 
p e rc e n ta g e  o f th e se  p l a n t s  showed boron  d e f ic ie n c y .  P ro b ab ly  
a  sm all p a r t  o f t h i s  d i f f e r e n c e  was due to  s p e c ie s  v a r ia t io n  
b u t  most o f th e  d i f f e r e n c e  was due to  se a so n a l e f f e c t .  The 
s o i l  was wet when th e  c a u lif lo w e r  was p la n te d  fo llo w ed  by a  
heavy r a i n f a l l .  L a te r ,  when th e  ru ta b a g a  was p la n te d  th e re  
was v ery  l i t t l e  r a in  and a  d ry  grow ing season fo llo w ed . O ther 
i n v e s t ig a to r s  have found a  se a so n a l e f f e c t  f o r  ru ta b a g a s  (1 1 ,
26 and 5 6 ) , f o r  a p p le s  (6 5 ) ,  f o r  su g a r  b e e ts  (5 , ^6 and 5 5 ) , 
f o r  p o ta to e s  ( 63 ) and f o r  crops i n  g e n e ra l (17 and I S ) .  Because 
o f  th e  g r e a t  d i f f e r e n c e  in  r e s u l t s  o b ta in e d  i n  t h i s  f i e l d ,  from 
a lm o st no b o ro n  d e f ic ie n c y  in  c a u lif lo w e r  to  a lm ost 100 p e r  
c e n t in  ru ta b a g a , a p p a re n tly  due to  sea so n a l c o n d i tio n s , v ery
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l i t t l e  em phasis i s  b e in g  p la c e d  on th e  numerous f i e l d  e x p e r i­
m ents cond u c ted  in  v a r io u s  p a r t s  o f  th e  S ta te .
When ru ta b a g a  i s  n o t ad e q u a te ly  s u p p lie d  w ith  
bo ron  in  e i t h e r  greenhouse o r  f i e l d ,  th e  p l a n t s  a re  dw arfed , 
and  have c u r le d  le a v e s  w hich a re  ru g o se , F ig u re  3^* The 
o ld e r  le a v e s  a re  more b r i t t l e  and more h o r iz o n ta l  in  p la n t s
F ig .  3S . The ru ta b a g a  p la n t  on th e  l e f t  h as  boron  d e f ic ie n c y . 
The one on th e  r i g h t  i s  h e a l th y .
n o t s u p p lie d  w ith  boron  th an  in  h e a lth y  p l a n t s .  In  sev ere  
c a se s  o f  d e f ic ie n c y  th e  l e a f  m argins a re  c h lo r o t i c  ( 51 )> a  
r e d d is h  p u rp le  pigm ent deve lops on th e  under s id e  of th e  
le a v e s  and th e  le a v e s  f a l l  p re m a tu re ly  (33) ,  F ig u re  39 .
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Fig* 39* A ru ta b a g a  p l a n t  s e v e re ly  a f f e c t e d  w ith  boron
d e f ic ie n c y *  T his p la n t  had  c h lo r o t ic  l e a f  m arg ins 
w ith  p igm ent on th e  u n d er s id e .  (T h is i s  an 
en largem en t from  a  c o lo r  f ilm )*
In  1935 th e  a u th o r  w ith  o th e rs  (10) s t a t e d  th a t  
ru ta b a g a s  a f f e c t e d  w ith  bo ron  d e f ic ie n c y  o f te n  had rough sk in s  
and th e  r o o t s  were c ra c k ed , F ig u re  40 . However, i t  has been 
th e  o p in io n  o f some in v e s t ig a to r s  ( 20 , 61 , 65 and 7^) t h a t  
th e r e  were no e x te r n a l  symptoms. The s e v e r i ty  of th e  
d e f ic ie n c y  v a r ie s  th e  amount and th e  ty p e  o f th e  in ju r y  in s id e
F ig .  *K). T h is p ic tu r e  shows th e  to p  and s id e  view  o f th e  
same ru ta b a g a . Top row h e a l th y ,  bo ttom  two rows 
have brown h e a r t .
6o
th e  s to ra g e  ro o t*  In  some ca ses  th e  in ju r y  has a w atery  
a p p e a ra n c e , in  o th e r s  brown sp o ts  and in  most sev e re  ca se s  
i t  may be h o llo w , F ig u re  The brown h e a r t  in  r o o ts  h as
v a r io u s  d e s ig n s . The a f f e c te d  a re a s  may be sm a ll and 
s c a t t e r e d  o r  th ey  may have a tendency  to  be grouped o r  th ey  
may be i n  r i n g s ,  F ig u re  B rench ley  ( 6 ) ,  Donaldson ( 20 )
and O 'B rien  and D ennis ( 6l )  have s t a t e d  t h a t  brown h e a r t  d id
F ig . *1-1. R utabagas w ith  no b o ra x , and w ith  5 pounds p e r
a c r e .  W ithout b o ra x  th e  r o o ts  were w a te ry , brown 
o r  ho llow  h e a r te d .  W ith 5 pounds o f b o rax  p e r  
a c re  some o f th e  ro o ts  were norm al and some had 
brown h e a r t .
n o t ex ten d  to  th e  top  o f th e  ru ta b a g a  and R igg, Askew and 
C h itte n d en  ( 69 ) have s t a t e d  t h a t  brown h e a r t  d id  n o t ex ten d  to  
th e  bo ttom . However, th e  a u th o r  h as  observed  ru ta b a g a s  in  th e  
f i e l d  w hich were a f f e c te d  a t  th e  to p  and down to  the  bottom  
o f th e  s to ra g e  r o o t .  I n  th e  greenhouse boron d e f i c i e n t  
ru ta b a g a s  a re  s m a lle r  th a n  h e a lth y  ones b u t in  th e  f i e l d  th e re  




F ig .  k-2* The ru ta b a g a  i n  th e  to p  l e f t  hand c o rn e r  i s  
h e a l th y .  The o th e rs  show v a ry in g  d eg rees  of 
brown h e a r t .
T urn ip  B ra s s io a  Bapa, L in n . H o r t i c u l tu r a l  v a r i e ty  
P u rp le  Top W hite G lobe. The boron d e f ic ie n c y  symptoms a re  
a lm o st e x a c t ly  th e  same f o r  tu r n ip s  a s  th o se  f o r  ru ta b a g a s , 
F ig u re  4-3..
F ig .  ty-3. T u rn ip s have a  rough s u r fa c e  when grown w ith o u t 
boron  (two on l e f t ) ,  w h ile  h e a lth y  r o o ts  have a 
smooth s u r fa c e  ( r i g h t ) .
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The Growth o f P la n ts  S u p p lied  w ith  Boron a t  D if f e re n t  
P e r io d s  Compared w ith  P la n ts  w hich had th e  Boron
Removed a t  C orresponding  P e r io d s
E ig h te en  ru ta b a g a  p la n t s  were t r a n s p la n te d  in to  
in d iv id u a l  j a r s  and s u p p lie d  w ith  n u t r i e n t  s o lu t io n  c o n ta in ­
in g  0*05 ppm o f  boron* At th e  same tim e a n o th e r  group o f 
e ig h te e n  p l a n t s  was t r a n s p la n te d  which re c e iv e d  0*3 ppm o f 
bo ron  in  th e  n u t r i e n t  s o lu t io n .  When th e  p la n t s  had grown 
f o r  16> days s ix  o f th e  p la n t s  r e c e iv in g  th e  low c o n c e n tra t io n  
o f  boron  were f lu s h e d  w ith  two q u a r ts  o f n u t r i e n t  s o lu t io n  
c o n ta in in g  0*3 PPm o f  bo ron  and were su p p lie d  w ith  t h i s  s o lu ­
t io n  to  th e  end o f th e  ex p e rim en t. At th e  same tim e s ix  of 
th e  p la n t s  r e c e iv in g  0*3 ppm of boron  were changed to  0 .0 5  
ppm as in  th e  p re c e d in g  experim en t (page 26 ) .  F o rty -o n e  
days a f t e r  t r a n s p la n t in g ,  th e  s ix  p la n ts  j u s t  m entioned were 
changed to  a  no boron  s o lu t io n  and s ix  p la n t s  w hich had  r e ­
c e iv e d  0 .3  ppm o f boron  from th e  b eg in n in g  o f th e  experim ent 
w ere changed to  no b o ro n . On th e  same day s ix  p la n t s  which 
had  re c e iv e d  0*05  ppm o f boron  from th e  b eg in n in g  of th e  exper­
im ent were changed to  0 .3  PPm ° f  b o ro n . The l a s t  change was 
made when th e  p l a n t s  were 5^ days o ld  a t  which tim e th e  l a s t  
s ix  p la n t s  r e c e iv in g  h ig h  boron  were changed to  no boron and 
th e  l a s t  s ix  r e c e iv in g  low boron  were changed to  h ig h  b o ro n .
The w id e s t l e a f  on each  p la n t  was m easured and 
ta g g ed  35 days a f t e r  t r a n s p la n t in g .  The w id es t l e a f  and th e  
ta g g ed  l e a f  were m easured s e v e ra l  tim es b e fo re  h a r v e s t .  The
6 3
d a ta  o b ta in e d  from th e s e  m easurem ents a re  p re s e n te d  in  
T ab le  XVI and p l o t t e d  i n  F ig u re  44 .
TABLE XVI
W idths in  In c h e s  o f th e  W idest Leaves and of th e  Tagged 
L eaves of R utabaga P la n ts  Grown w ith  an In ad eq u a te  Supply 
o f  Boron F o llow ed  by sin Adequate Supply Compared w ith  P la n ts  
Grown w ith  an Adequate Supply Follow ed by a  S o lu tio n  w ith o u t 
Boron
Days from 
t r a n s ­
0 .3  ppm of bo ron  changed 
to  no boron
O.05  ppm o f boron  changed 
to  0 .3  ppm
p la n tin g : IS  davs 41 days 5S days IS  days 41 days 53 days
In ch es In ch es In ch es In ch es In ch es In ch es
W idth o f W idest Leaf
if
1 - 7 5
6 .6 5
6 A 3 
6 .5 5  
6 .9 9
5 .1 5

































6 .75  
6.22
5. o s  
6 .30
6 .25












The w id th  of th e  w id e s t l i v in g  l e a f  i s  a  m easure 
o f  p la n t  grow th w h ile  th e  w id th  o f th e  tagged  l e a f  i s  on ly  a 
m easure of th e  grow th o f t h a t  l e a f .  The d e c re a se  in  w id th  
o f  th e  ta g g ed  l e a f  in d ic a te s  ap p ro x im ate ly  th e  tim e t h a t  
d e a th  o c c u rre d . These d a ta  show th a t  d ea th  o ccu rs  f i r s t  on 
th o se  p la n t s  w hich re c e iv e d  0 .3  ppm of boron  f o r  IS  days 
fo llo w e d  by 0 .0 5  ppm f o r  23 days. The tag g ed  l e a f  on th e se  
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F ig . W . Curves showing th e  average w id th s in  in c h es  of
th e  w id e s t le a v e s  and o f th e  tag g ed  le a v e s  (w id es t 
when th e  p l a n t s  were 35 days o ld ) o f ru ta b a g a  
p la n t s  grown w ith  an in a d e q u a te  supp ly  o f boron 
fo llo w ed  by an ad eq u ate  supply  ( s o l id  l in e )  and 
grown w ith  an adequate  supp ly  fo llo w ed  by a  s o lu t io n  
w ith o u t boron  (d o t te d  l i n e ) .
th e  boron  was removed. The tagged  l e a f  l iv e d  2^ days a f t e r  
th e  rem oval o f  boron  in  th e  ^1 day tre a tm e n t and J days a f t e r  
th e  rem oval o f bo ron  in  th e  58 day tr e a tm e n t . T his in d ic a te s  
a  s l i g h t  s to ra g e  o r  a  t r a n s lo c a t io n  o f b o ro n . From th e  d i s ­
c u s s io n  p r e s e n te d  in  th e  p re v io u s  ex p erim en t, p ag es 28 to  J l ,
th e  th e o ry  o f t r a n e lo e a t io n  i s  p r e f e r r e d .  A study  of 
T ab le  XVI and F ig u re  44 shows th a t  a l l  o f th e  tag g ed  le a v e s  
o f  p l a n t s  changed from  0*3 to  no bo ron  d e c re a se d  in  w id th  
b e fo re  th e  end of th e  eagperiment. The g r e a t e s t  d e c re a se  in  
w id th  o f th e  tag g ed  l e a f  i s  w ith  th e  e a r ly  rem oval o f  boron  
and  t h i s  i s  a s s o c ia te d  w ith  an in c re a s e  in  r a t e  o f grow th o f 
th e  w id e s t l e a f  w hich i s  n o t shown f o r  any o th e r  trea tm en t*
I n  many p l a n t s  s e v e re ly  a f f e c te d  w ith  boron  d e f ic ie n c y  th e  
p l a n t s  ap p ea red  to  be in  such p o o r c o n d itio n  th a t  d ea th  was 
ex p e c te d  v e ry  soon, y e t  b e fo re  d e a th  th e  low er le a v e s  w ith e re d  
and f e l l  o f f  w hich en a b led  th e  p la n t  to  su rv iv e  u n t i l  more 
le a v e s  f e l l ,  su p p ly in g  more boron  to  th e  p la n t*  The l a t e r a l  
sh o o ts  may f a l l  o f f  f o r  a  s h o r t  tim e su p p ly in g  enough boron 
to  keep th e  p l a n t  a l i v e  f o r  s e v e ra l  d ay s .
At h a r v e s t  th e  p la n t s  grown w ith  0 . 0 5  ppm of boron  
and changed to  0 .3  ppm o f  boron  were much b e t t e r  th an  th e  
g roup  s t a r t e d  w ith  0 .3  ppm o f boron and changed to  no b o ro n .
The s to ra g e  r o o t  w hich was th e  n e a re s t  to  th e  mean f o r  each  
tre a tm e n t i s  shown i n  F ig u re  4-5* The s to ra g e  r o o t  had  a  
s m a lle r  d ia m e te r  th an  th e  stem  when th e  p la n t s  r e c e iv e d  th e  
0 .3  ppm o f  boron  f o r  o n ly  13 d ay s . These ro o ts  were v ery  rough 
on th e  o u ts id e  and some p a r t s  of them had decayed* Some p la n t s  
had  le a v e s  w ith  yellow  m arg ins on th e  upper s u r fa c e  and r e d d is h  
p u rp le  m arg ins on th e  u n d er s u r fa c e , F ig u re  39* The p la n ts  
w ith  t h i s  tre a tm e n t were h a rv e s te d  69 days a f t e r  t r a n s p la n t in g  
b ecau se  one p la n t  was so s e v e re ly  a f f e c te d  w ith  boron  d e f ic ie n c y  
t h a t  i t  ap p ea red  to  be dying* P la n ts  o f t h i s  tre a tm e n t a s  w e ll
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F ig .  *1-5. The to p  and c e n te r  rows show ru ta b a g a s  from 
th e  group o f p la n t s  changed from  0 .0 5  ppm of 
bo ron  to  0 .3  ppm, th e  change b e in g  made a t  
IS ,  Mrl and 5$ days r e s p e c t iv e ly .  The bottom  
row shows ru ta b a g a s  s t a r t e d  w ith  0 .3  ppm of 
boron  and changed to  a  s o lu t io n  of 0 .0 5  ppm 
o f boron a t  IS  d ay s , th en  to  no boron  a t  
*1-1 d ays, and 0 .3  ppm to  no boron a t  *1-1 and 
5S days r e s p e c t iv e ly .
a s  some o f th o se  w hich were changed from 0 .3  ppm to  no boron  
*1-1 days a f t e r  t r a n s p la n t in g  had  l o s t  t h e i r  a p ic a l  dom inance. 
The change from  0 .3  ppm to  no boron  made a t  5& days had 
much l e s s  e f f e c t  upon th e  p la n ts  th an  o th e r  changes from 
0 .3  ppm to  no b o ro n , b u t th e  av erag e  w eight of th e s e  p la n ts  
was l e s s  th a n  th e  av e rag e  w eigh t o f th e  p la n ts  from any o f 
th e  0 .0 5  to  0 .3  ppm of bo ron  tr e a tm e n ts . None of the  p la n t s  
s t a r t e d  w ith  0 .0 5  ppm and changed to  0 .3  ppm o f boron showed 
e x te r n a l  symptoms o f  bo ron  d e f ic ie n c y  and th e  i n t e r n a l  
symptoms were n o t se v e re  a lth o u g h  some of th e  p la n t s  had  a 
t r a c e  o f brown h e a r t .  The d a ta  o b ta in e d  a t  h a rv e s t  a re  p re ­
s e n te d  in  T ab les  XVII and XVIII which show th a t  th e  p la n ts
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TABLE XVII
A verage F re sh  W eight in  Grams a t  H arv est o f P la n ts  from Which 
Boron was Removed a t  D if f e r e n t  Ages Compared w ith  P la n ts  Which 
h ad  an In a d e q u a te  Supply of Boron Changed to  an Adequate 




0.3 to no boron IS days A! n



















TABLE m i l
M easurem ent, and L ength/W idth  R a tio ,  o f Leaves from P la n ts  
from  w hich Boron was Removed Compared w ith  Leaves from 
P la n t s  w hich had an In ad e q u a te  Supply of Boron Changed to  
an A dequate Supply
Measurement of Leaves
T reatm en t
Number of 
le a v e s
G re a te s t
le n g th




In ch es In ch es R a tio
0 ,3  to  no boron
H iIS  days 13 .17 19.07 1 :1 1M-l " 15 .50 21.75 7 .60
5S « IS* S3 25.75 9 .22 2 .7 9
0 .0 5  to  0*3 boron
26.02 9 . 5^5S days 19*17 2 .73
i l  « 20*33 25 .25 9 .5 0 2.72
IS 1 19*33 25.10 9 .% 2 .6 6
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s t a r t e d  on th e  low amount o f boron  w hich was l a t e r  in c re a s e d  
grew much b e t t e r  th an  th o se  p la n t s  s t a r t e d  w ith  a  h ig h  
amount o f bo ron  w hich was l a t e r  removed# The av erag e  w eigh t 
o f  each p l a n t  p a r t  of p l a n t s  changed from  0 .3  ppm to  no bo ron  
a t  15 days and 4 l  days was s i g n i f i c a n t l y  sm a lle r  th an  th e  
p l a n t  p a r t s  o f p l a n t s  o f a l l  o th e r  tre a tm e n ts  in  t h i s  e x p e r i­
m ent. The d a ta  f o r  th e  o th e r  tr e a tm e n ts  were n o t s ig n i f i c a n t ly  
d i f f e r e n t .  The r e s u l t s  of t h i s  ex p e rim en t, l i k e  th e  l a k t ,  show 
t h a t  th e  grow th o f p l a n t s  i s  no t d i r e c t l y  a s s o c ia te d  w ith  th e  
tim e o r  th e  amount o f  bo ron  s u p p lie d . From th e  f r e s h  w eigh t 
o f  th e  e n t i r e  p la n t  o r  o f th e  s to ra g e  ro o t  i t  i s  e v id e n t t h a t  
0*05 to  0*3 ppm of bo ron  tre a tm e n ts  p roduced  p la n t s  o f ab o u t 
th e  same s iz e  r e g a r d le s s  o f  tim e o f  change. However, th e  
q u a l i ty  was imp ro v ed  w ith  e a r ly  change from 0*05 to  0 .3  ppm 
o f  b o ro n .
The Development E x p ressed  a s  R a tio s  o f  Some o f th e  P la n ts  in  
th e  Above E x p erim en ts , and O ther S t a t i s t i c a l  A n a ly s is
o f th e  D ata
In  o rd e r  to  d e te rm in e  w hether o r  no t a l l  p a r t s  o f 
a  p l a n t  a re  e q u a lly  a f f e c t e d  by bo ron  d e f ic ie n c y  th e  r e s u l t s  
o f  th e  fo re g o in g  ex p erim en ts  a re  ex p re sse d  as  r a t i o s  in  t h i s  
s e c t io n .  T ab le  XIX p r e s e n ts  th e  le n g th /w id th  r a t i o s  of 
s e v e ra l  k in d s  o f B ras s i  ca p la n t s  w ith  v a r io u s  boron  t r e a t ­
m en ts . These r a t i o s  show th a t  th e  r e l a t i v e  shape of le a v e s  
i s  n o t m a te r ia l ly  changed by th e  amount o f boron su p p lie d .
The ru ta b a g a  d a ta  show th a t  th e re  i s  more d i f f e r e n c e  betw een
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TABLE XIX
R a tio  o f L eaf L en g th /L eaf W idth o f D if f e re n t  K inds o f B ras s i  oa 
P la n t s  Grown w ith  D if f e r e n t  Amounts o f  Boron








, p .n d  0:Z o la n t
B rus­
s e l s  
so r o u ts
B roc­









C a u li­
f lo w e r
ppm r a t i o r a t i o r a t i o r a t i o r a t i o r a t i o
Changec 0 . 3-0 E a r ly 1 .7 9 2 . 54. 1 .42 1-59 2*73it •  3-0 Medium 1.7 9 2 .2 5 1 .56 1 .57 2 .6 4it •3 -0 L ate 2 .0 9 2 . 3s ! • % 1 .32 2*79
Con­ .1 None 2 .26 2 .2 5
t in u e dit •3 None 2 .3 1 2.1)4
H •5 None 2 .35 2 .0 6
ex p e rim en ts  th an  betw een tre a tm e n ts  in  th e  same ex p erim en t. 
T able  XX p r e s e n ts  th e  f r e s h  w eight o f l e a v e s / f r e s h  w eight
TABLE XX
R a tio  o f F re sh  W eight of L eaves/R oot W eight of D if fe re n t  K inds 
o f  B ra s s io a  p la n t s  Grown w ith  D if f e r e n t  amounts o f  Boron
Kind 0:f P la n t









s e l s
s p ro u ts
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o f  ro o ts*  These r a t i o s  a r e  n o t a s  un ifo rm  a s  th o se  f o r  l e a f  
l e n g t h / l e a f  w id th , b u t  w ith  th e  ex c e p tio n  of B ru s s e ls  s p ro u ts  
th e r e  i s  no s ig n i f i c a n t  d i f f e r e n c e  betw een tr e a tm e n ts .  The 
r a t i o s  o f th e  f r e s h  w eig h t o f le a v e s /s te m  w e ig h t, T able XXI, 
shows s i g n i f i c a n t  d i f f e r e n c e s  w ith  on ly  one p l a n t ,  r e d  cabbage*
TABLE XXI
R a tio  o f  F re sh  W eight o f L eaves/S tem  W eight o f D if f e re n t  
K inds o f  B ras s i  oa P la n ts  drown w ith  D if f e re n t  Amounts of Boron
Kind o f r>lant
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U k  
U-. 25
On th e  o th e r  hand , f r e s h  w eigh t of l e a v e s / f r e s h  w eight o f th e  
e d ib le  p a r t ,  Table XXII, shows c o n s id e ra b le  change In  th e  
r a t i o  e x cep t f o r  ru ta b a g a  when th e  bo ron  was removed from 
th e  n u t r i e n t  so lu tio n *  In  t h i s  t a b le  th e  r a t i o s  f o r  c a u l i ­
f lo w e r  d id  n o t change a s  much as th e  r a t i o s  f o r  o th e r  p la n t s  
b u t  th ey  changed more th a n  th e  r a t i o s  f o r  c a u lif lo w e r  in  th e  
o th e r  t a b l e s .  From th e s e  ta b le s  i t  i s  e v id e n t th a t  a  d e f ic ie n c y  
o f bo ron  dw arfs th e  p l a n t  keep in g  a l l  organs ex cep t th e  e d ib le  
p a r t  In  th e  same mass r e l a t io n s h i p .  The r a t i o  of t o t a l  f r e s h
w e ig h t / le a f  w e ig h t, T able X X III, shows an in c re a s e  w ith  d u ra t io n
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TABLE XXII
R a tio s  o f F re sh  W eight o f  L eav ee /B d lb le  P a r t  o f  P la n t  o f 
D if f e r e n t  K inds o f B ra s s lo a  P la n ts  Grown w ith  D if f e re n t  
Amounts o f  Boron
T re a t­
ment
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9 .12
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.76



















TABLE m i l
R a tio  o f  F re sh  W eight o f  th e  E n t i r e  P la n t/L e a f  W idth o f 
D if f e r e n t  K inds o f B ra s s lo a  P la n ts  Grown w ith  D if fe re n t  
Amounts o f  Boron
— 1 1 Kind o f p la n t
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o f th e  optimum amount o f boron* The p a r t  o f t h i s  ta b le  ex­
p r e s s in g  th e  r a t i o s  f o r  l e v e l s  o f boron  shows a  d e c re a se  i n  
th e  r a t i o  w ith  th e  lo w es t and h ig h e s t  l e v e l s ,  ^ s  th e  l e n g th /  
w id th  r a t i o s  o f  th e  p l a n t s  grown w ith  th e s e  tre a tm e n ts  was 
n o t s i g n i f i c a n t l y  changed th e  l e a f  w id th  may be con^dered  
a  good m easure of l e a f  a r e a .  T h e re fo re  th e se  r a t i o s  may be 
c o n s id e re d  a s  e x p re s s io n s  of e f f ic ie n c y  of th e  l e a f  a re a  to  
p ro d u ce  t o t a l  f r e s h  w e ig h t. The m ost e f f i c i e n t  p ro d u c tio n  
i s  w ith  0 .3  ppm o f bo ron  su p p lie d  c o n t in u a l ly .  A ccording to  
t h e  d a ta  f o r  ru ta b a g a  th e  e f f ic ie n c y  v a r ie s  w ith  season  o f 
g row th , b e in g  most e f f i c i e n t  in  th e  summer and l e a s t  e f f i c i e n t  
i n  th e  f a l l .
The r e g r e s s io n  l i n e  of t o t a l  f r e s h  w eigh t on l e a f  
w id th  f o r  each  tre a tm e n t o f each ru ta b a g a  and c a u lif lo w e r  
ex p erim en t i s  p lo t t e d  in  F ig u re  ^ 6 # In  th e  ru ta b a g a  e x p e r i­
ment in  w hich boron  was su p p lie d  a t  d i f f e r e n t  p e r io d s  of tim e 
i n  com parison w ith  th e  rem oval o f  boron  th e  l i n e s  have a  more 
un ifo rm  s lo p e  th an  in  th e  o th e r  ex p e rim en ts . These l i n e s ,  
w ith  th e  e x c e p tio n  of one, show a g r e a te r  w eigh t f o r  a  g iven  
in c r e a s e  in  l e a f  w id th  w ith  p la n ts  w e ll  su p p lie d  w ith  boron 
th a n  w ith  p l a n t s  p o o r ly  s u p p lie d  w ith  bo ron . The experim ent 
w ith  ru ta b a g a  in  w hich l e v e l s  of boron  were s tu d ie d  shows v ery  
l i t t l e  d i f f e r e n c e  in  th e  s lo p e  of th e  r e g re s s io n  l i n e .  In  th e  
ex p erim en t w ith  ru ta b a g a  in  which th e  e f f e c t  of rem oving th e  
b o ro n  31 days a f t e r  t r a n s p la n t in g  was s tu d ie d  th e  p la n t s  a l l  
h ad  ab o u t th e  same w e ig h t r e g a rd le s s  o f th e  l e a f  w id th , w h ile  
th e  c o n tro l  p l a n t s  (0 .5  ppm c o n t in u a l ly )  had narrow er le a v e s
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R U T A B A G A
03 PPM TO NO BORON 0.05 TO 0.3 PPM OF BORON
1 8  D A Y S  4 1  D A Y S  5 8  D A Y S  5 8  D A Y S  41  D A Y S  18 D A Y S
R U T A B A G A
0 5  PPM T O O  O S P P M O F B . 0 1  P P M  OF 8  0 .3  PPM OF 8. 0 5  PPM  OF 8
3 1  D A Y S  CONTINUALLY CONTINUAL LY CONTINUALLY CONTINUALLY
------ -I
0  5  PPM TO 0  
31 D AYS
CAULIFLOWER
0  5  PPM OFB 01  PPM OF B  0 .3 PPM OF B  
CONTINUALLY CONTINUALLY CONTINUALLY
0 5  PPM  OF B  
CONTINUALLY
-----------------
F ig .  k60 R e g re ss io n  of f r e s h  w eigh t o f p la n t s  on l e a f  
w id th  f o r  each tre a tm e n t o f each ru ta b a g a  and 
c a u lif lo w e r  experim en t ( s c a t t e r  diagram s w ith  
r e g r e s s io n  w i l l  be found in  Appendix A )«
on th e  heavy p la n t s  th an  on th e  l i g h t  ones. The experim ent 
on l e v e l s  o f  bo ron  and rem oval of boron  was conducted  a t  
th e  same tim e and th e  la c k  o f agreem ent of th e  two groups of 
p la n t s  r e c e iv in g  0 ,5  ppm o f boron may be e x p la in e d  by th e  
v a r i a b i l i t y  w hich i s  ex p re sse d  by th e  c o r r e la t io n  c o e f f i c i e n t ,  
T ab le  XXIV* W ith c a u l i f lo w e r  th e  r e g re s s io n  l i n e s  f o r  th e  
p la n t s  w hich had th e  bo ron  removed and f o r  th e  c o n tro l  (0 .5  
ppm) have ap p ro x im a te ly  th e  same s lo p e  and n e a r ly  th e  same
7^
TABLE XXIV
R e g re ss io n  E q u a tio n  and  C o r re la t io n  C o e f f ic ie n t  o f L eaf 
W idth to  F re sh  W eight o f P la n ts  o f R utabaga and C au li­
f lo w e r  P la n t s  Grown w ith  D if f e r e n t  T reatm ents
K ind of
T reatm ent R eg re ss io n  f 1 ... ""——
ppm o f boron E quation*  C o r r e ia t i  on S ig n if ­
p l a n t and days o f 
tre a tm e n t E=y+SS(X -x) <1Sx2
!oef f  1 e le n t ic an ce* ^
R utabaga 0 . 3-n o  boron
70 . 12x - 662 . a 11$ days .9151 S
w *4-1 days 31.73X+102.0S .3301 N
n 5$ days 62 . 60x - 60.16 .4335  
• 2943
N
A ll 0 .3 -n o  boron HS
O.O5 - .3  5S days g l . 02x .353 .75 .5576 N
n 1 41 days i 07 . 57x - 765 .lw .6076 N
1 H IS  days l 67 . 5g x - i930.42 .6g24 N
A ll O .0 5 - .3 .5772 HS
T o ta l e x p t.
-11.45X +329.40
.55541 HS
0 . 5-n o  boron - .1 3 4 0 N
0 .5 19.56X+513.23 .25509 N
T o ta l -5771 S
0 .1 64 . 635X-457.41
45 . 4636X+42.62
.4640 N
0 .3 .7945 N
0 .5 5i . i 03i x - i 23 .46 .5206 S
T o ta l  l e v e l s •7764 HS
T o ta l o f 0 .5 .6175 S
T o ta l f o r  e x p t. .2985 N
T o ta l f o r  a l l
.5534e x p ts . HS
C a u li­
5^.59X+590.12 ♦ 5978f lo w e r 0 . 5-n o  boron N
0 .5 59 . 16X+511.145 .9225 HS
T o ta l 51 . 9461X+366.56 .6539 HS
0 .1
0 .3
4 6 . 573X+236 .74
- 1 3 . 4143X+786.76 -:83s NN
0 .5 -22.456X +929.14 - .9 4 9 5 S
T o ta l 42 .4 lX -g 7 .0 5 .1865 N
T o ta l f o r  0 .5 2g.007X +6g.lg .5215 N
T o ta l f o r  a l l
19.ggX +l62.0ge x p ts . ♦3739 S
*As th e  o r ig in a l  d a ta  were o b ta in e d  in  h a l f - in c h  u n i ts  b e fo re  
s u b s t i t u t i n g  in  t h i s  e q u a tio n  th e  in ch es  w i l l  have to  be 
m u l t ip l ie d  by two to  o b ta in  th e  d e s i r e d  w e ig h t.
** N= n o t s ig n i f i c a n t ;  S- 19 to  1 ; HS* 99 to  1*
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p o in t s  of o r ig in .  T h is experim ent was conducted  in  th e  f a l l *  
The d a ta  f o r  th e  experim en t on l e v e l s  o f bo ron  w ith  c a u l i ­
f lo w e r  i n d ic a t e  t h a t  th e  heavy p la n t s  r e c e iv in g  0 .1  ppm o f 
b o ro n  have wide le a v e s .  On th e  o th e r  hand , th e  0 .3  ppm and 
0*5 PPm t r e a tm e n ts  have narrow er le a v e s  on th e  heavy p la n t s  
th a n  on th e  l i g h t  ones* T his experim en t was conducted  in  th e  
summer. The c o r r e la t io n  c o e f f i c i e n t  o f b o th  th e  0*5 ppm a re  
s i g n i f i c a n t l y  h ig h , one b e in g  p o s i t iv e  and th e  o th e r  n e g a t iv e . 
T h is  would in d ic a t e  t h a t  th e re  may be a  se a so n a l e f f e c t  on th e  
c o r r e l a t io n  c o e f f i c i e n t  o f  l e a f  w id th  and p la n t  w e ig h t.
Root Development of P la n ts  Grown W ith and W ithout Boron
To supplem ent th e  in fo rm a tio n  on th e  f r e s h  w eigh t o f 
r o o ts  p r e s e n te d  i n  th e  p re v io u s  ex p e rim en ts , p la n t s  were 
grown in  ro o t  boxes and in  w ate r c u l tu re s  to  stu d y  th e  ro o t  
developm ent. B ro c c o li ,  B ru s s e ls  s p ro u ts  and ru ta b a g a  were 
grown in  w a te r  c u l tu r e  w ith  pH 6 .9  and B ru s se ls  s p ro u ts  and 
r e d  cabbage were grown i n  s o lu t io n s  which had  th e  pH v a r ie d  
from  ^ .0  to  on© experim ent ru ta b a g a  p la n ts  were
p la c e d  so th a t  some o f th e  p la n ts  had th e  r o o ts  d iv id e d , p a r t  
b e in g  in  a  n u t r i e n t  s o lu t io n  w ith  boron  and p a r t  in  a  n u t r i e n t  
s o lu t io n  w ith o u t boron*
The developm ent o f r o o ts  in  th e  ro o t  b o x es , p r e s e n ts  
a  v e ry  s t r i k i n g  p i c t u r e ,  F ig u re  ^7* These s tu d ie s  have shown 
t h a t  th e r e  i s  c o n s id e ra b le  d i f f e r e n c e  in  th e  growth r a t e  of 
p l a n t s .  The ru ta b a g a  r o o ts  grew th e  f a s t e s t ,  20 in c h e s  i n  17 
d a y s , and showed th e  g r e a t e s t  d i f f e r e n c e  betw een no boron  and 
0*3 ppm o f  b o ro n . W ith ru ta b a g a , 3*° ppm o f boron  d id  n o t
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Fig* lJ-7* Development o f  r o o ts  in  ro o t  b o x es . Top ru tab a g a  
x 1 /1 0  w ith  one ro o t  o f  th e  no boron tre a tm e n t 
n a tu r a l  s i z e .  Lower l e f t  b ro c c o l i  x 1/ 10 , Lower 
r i g h t  k a le  x 1/ 10 ,
ap p ea r to  be v e ry  to x ic *  When boron  was su p p lie d  more growth 
wajs o b ta in e d  in  a l l  c a s e s ,  a lth o u g h  w ith  o th e r  p la n ts  th e  
r e s u l t s  were n o t a s  s t r i k i n g  as w ith  ru ta b a g a . The ro o t le n g th s  
f o r  some o f th e  p l a n t s  grown in  th e  r o o t  boxes a re  p re s e n te d  in  
T ab les  XXV and XXVI, The av erag e  d a l ly  growth of each p la n t
TABLE XXV
Growth o f th e  L ongest Hoot o f  P la n ts  Grown In  Root Boxes P lu s  Boron 
(0 .3  ppm) and Minus Boron
Kind of p l a n t  and tre a tm e n t
s e t t i n g
p la n t s
K ale C a u lif lo w e r R utabaga B ro cc o li
P lu s P lu s [Minus P lu s P lu s Minus Minus P lu s P lu s Minus P lu s Minus Minus
cm. cm. cm. cm. cm. cm. cm. cm. cm. cm. cm* cm. cm.
0 1*1-. 0 * .5 g .5 ^ .6 2 .1 6*5 H-.6 $ .1 6 .1 5 .1 6 .9 3 .5
1 1 6 .7 8 .9 « .5 H-,6 2 .2 7 .0 £ .3 7 .1 5 .^ 7 .7 4 .0 4 .1
2 19*1 9 .4 S .5 ^ .9 2 .5 7*6 5 .2 6*5 8 .2 5 .7 7*9 K l
3 2 1 .7 10 .5 8 .5 5 .7 ? •? 5 .7 5.3 9-1 6 . 1(• 5 .3 M-.2 6 .54 2*1-. 0 11 .6 8 .5 7 .a 4 .4 9 .9 6 .9 9 .9 11.3 7 .2 10 .0 *J-.5 9 .5
5 2 6 .4 12 .9 8 .5 8 .8 M 1 0 .4 7*3 9 .9 12 .0 7 .9 10 .7 ^•7 1 1 .66 2 9 .0 1^ .3 § -5 10 .5 M 11 .5 8 .4 10.2 13 .0 8 .4 11. 5 5 .0 13 .3
I 3 2 .0 15.3 8 .5 — 5*1 12 .5 9 .2 11.3 13 .7 9-3 12 .5 5*35 37*0 17 .5 f!’ 5 ---- --- 12 .5 1 0 .2 12 .6 13.7 10 .9 13.1 5*39 4 1 .1 19.2 8 .5 — ---- 12 .9 1 0 .5 1 5 .5 13 .7 !3 -2 13*7 6 .4
10 ^ 3 .5 1 9 .5 8 .5 — ---- 12 .9 1 0 .6 18 .6 13.7 ! 5 A 14.2 6 .9 _ _
11 1 ^ .5 12 .5 13 .2 10 .8 1 9 .^ 13.8 16 .9 15 .6 7 .3 2 2 .7
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r e c e iv in g  bo ron  was 1*25 w hereas th e  av e rag e  d a i ly  grow th 
o f  each p l a n t  n o t r e c e iv in g  boron was 0*71 mm*
TABLE XXVI
Average L eng th  o f L o n g est R oot, Average W eight, and P e rc e n ta g e  
M o is tu re  o f R utabaga P la n t s  Grown in  Root Boxes and in  W ater 
C u ltu re s  w ith  (0 .3  PPm) and. w ith o u t Boron
T reatm ent L ongest F resh w eigh t Dry w eigh t M ois tu re
ro o t Tons Roots Tops Boots Tons R oots
Root boxes p lu s
cm. grams grams grams grams 1° *
boron  
Root boxes minus
1 5 .^ 1.2812 —— 0 .101 —- 92.23
boron  
W ater c u l tu r e s
12 . s .*t6o — — •037 39-95 ------
p lu s  boron  
W ater c u l tu r e s
l l . l t l . o i S 0 .102 . 07& D.033 92.30 91 .92
minus boron 1 0 .6 . 1*03 . 014-3 • O H .009 87.17 79.92
The b r o c c o l i  p la n t s  in  F ig u re  ^7 were p la c e d  h o r i ­
z o n ta l ly  on a  la b o ra to ry  bench a f t e r  th e  p ic tu r e  was ta k e n . 
S e v e ra l days l a t e r  n e g a tiv e  geo tro p ism  was shown by th e  p la n t s  
w hich had  re c e iv e d  boron w h ile  th e  p la n t s  which d id  n o t re c e iv e  
bo ron  d id  n o t re sp o n d , F ig u re
The e f f e c t  on ro o t  developm ent of growing p la n t s  in  
w a te r  c u l tu r e s  w ith  and w ith o u t bo ron  i s  shown i n  F ig u re  ^9* 
W ithout boron  th e  number of secondary  ro o ts  i s  g r e a t ly  i n ­
c re a se d  b u t  th e  developm ent o f  each  ro o t  i s  g r e a t ly  r e ta r d e d .  
The secondary  ro o t  may be on ly  a  m il l im e te r  in  le n g th .  T h is 
had  been  p re v io u s ly  o b se rv ed  in  o th e r  crops by s e v e ra l  i n v e s t i ­
g a to r s ,  W arlngton (S i)  in  V ic ia  f a b a , Sommer and S orokn in , ( 76 )
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F ig *  The row o f  b r o c c o l i  p la n t s  from lo w er  l e f t  hand
c o rn er  to  th e  c e n te r  d id  n o t r e c e iv e  boron  and 
do n o t show n e g a t iv e  g e o tr o p ism . The o th e r  p la n t s  
d id  r e c e iv e  boron  and do show n e g a t iv e  geotrop ism *
BRUSSELS SPROUTS BROCCOLI
F ig*  ^9* The d evelop m en t o f  B r u s s e ls  sp r o u ts  and b r o c c o l i
r o o t s  w ith o u t b oron  ( l e f t )  and w ith  boron ( r ig h t ) *
i n  P isum  sa tivu m  and van S ch rev en , (7&) V* fa b a  and f l a x .  
The r o o t s  in  g e n e r a l  are  dark w ith  a c lu b -sh a p e d  en largem en t  
n e a r  th e  end h a v in g  a b la c k  t i p .  In  th e s e  c u ltu r e s  th e  e f f e c t  
o f  boron  d e f i c i e n c y  was n o t  n o te d  u n t i l  th e  t h ir d  day a f t e r  
th e  p la n t s  w ere p u t  i n  th e  no-b oron  so lu t io n *  The f r e s h  and 
dry w e ig h t ,  th e  p e r c e n ta g e  m o istu r e  and th e  le n g th  o f  th e  
l o n g e s t  r o o t  f o r  ru ta b a g a  p la n t s  grown fo r  3  ̂ days in  w ater  
c u l t u r e s  a re  p r e s e n te d  i n  T ab le  XXVI. The f ig u r e s  show l i t t l e
so
d i f f e r e n c e  i n  r o o t  l e n g t h  betw een  p la n t s  grown w ith  and w ith o u t  
b o ro n  b u t do show a g r e a t  d i f f e r e n c e  in  w e ig h t .
The pH stu d y  was to  d eterm in e  w h eth er  or n o t  v a r y in g  
th e  pH w ith  0 .3  ppm o f  b oron  in  th e  n u t r ie n t  s o lu t io n  w ould  
r e s u l t  in  b oron  d e f ic ie n c y *  In  t h i s  exp erim en t th e  t e s t  
p la n t s  w ere b r o c c o l i ,  B r u s s e ls  sp r o u ts  and r e d  cabbage. The 
g e n e r a l  app earan ce o f  th e  r o o t  sy stem  o f  p la n t s  grown a t  
pH M-.O, 7 . 5  and 3 .5  I s  th e  same as th a t  o f  boron  d e f i c i e n t  
p l a n t s ,  F ig u r e  C lo se  ex a m in a tio n  o f  th e s e  r o o ts  shows
symptoms s im i la r  to  b u t s l i g h t l y  d i f f e r e n t  than  symptoms o f  
boron  d e f i c i e n c y .  W ith th e  low  pH, th e  r o o t s  w ere o n ly  
s l i g h t l y  th ic k e n e d  h a v in g  a ten d en cy  t o  form a c lu b  on th e  
en d . B la c k e n in g  o f  th e  t i p  was n o t a s  common a s  on r o o ts  grow-, 
in g  w ith o u t  boron* The r o o t s  o f  p la n t s  grown i n  th e  h ig h e r  
pH s o lu t io n s  were more n e a r ly  norm al than  th o s e  grown in  th e  
low  pH s o l u t i o n .  The p o o r  develop m en t o f  th e  r o o t s  in  th e  low  




F ig .  5 0 . The e f f e c t  o f  pH on th e  develop m en t o f  B r u s s e ls  
sp r o u ts  r o o t s .
SI
cau sed  by some f a c t o r  o th e r  th an  f i x a t i o n  o f  b o ro n . T h is  i s  
s u p p o r te d  by N a f te l* s  ( 60) r e c e n t  work in  which he shows lim e 
d i r e c t l y  a f f e c t s  th e  s o i l  f l o r a  th e re b y  I n d i r e c t l y  a f f e c t in g  
b o ro n  d e f ic ie n c y .
The experim en t i n  which some o f th e  ru ta b a g a  p la n t s  
had  th e  r o o ts  d iv id e d , p a r t  b e in g  in  a  n u t r i e n t  s o lu t io n  
w ith o u t b o ro n  and p a r t  i n  a  s o lu t io n  c o n ta in in g  0 .3  ppm, p r e ­
s e n ts  v e ry  i n t e r e s t i n g  in fo rm a tio n , Table XXVII. The c o n d itio n
TABLE XXVII
Average L eng th  o f th e  L ongest Hoot and C ond ition  of th e  R oots 
and Tops o f  R utabaga P la n ts  Grown w ith  D if f e re n t  Boron T re a t­
m ents
T reatm ent
L ength  o f 




A ll  r o o ts  in  no boron  s o lu t io n  
P a r t  o f r o o ts  In  no boron  
s o lu t io n  
and p a r t  in  0 .3  ppm s o lu t io n  
A ll  r o o ts  in  0 .3  ppm s o lu t io n
cm.
10 .35
12 . 91*- 
17 .95 
1 ^ .78









*1  88 p o o r , 2 * f a i r ,  3 * good and ^  * e x c e l l e n t .
o f  th e  p l a n t s  w ith  th e  d iv id e d  r o o ts  was good. A ll p la n t s  
d eve loped  u n ifo rm ly  showing th a t  th e  amount of boron n e c e ssa ry  
f o r  grow th i s  t r a n s lo c a te d  l a t e r a l l y  w ith o u t d i f f i c u l t y .  T h is 
i s  f u r th e r  shown by a  g r e a t e r  developm ent of th e  p a r t  o f th e  
r o o ts  o f  th e  d iv id e d  p la n t s  in  th e  no-boron s o lu t io n  th an  th e  
r o o ts  o f  p l a n t s  w hich were a l l  In  th e  no-boron s o lu t io n .
&2
The E f f e c t  o f  S u p p ly in g  Boron Through th e  L eaves
T h is  exp erim en t was con d u cted  to  d e term in e  w h eth er  
o r  n o t p la n t s  c o u ld  r e c e iv e  enough boron th rough  th e  l e a v e s  
f o r  norm al d evelop m en t and w h eth er  or n o t p la n t s  show ing  
boron  d e f i c i e n c y  c o u ld  b e  r e s t o r e d  w ith  l e a f  a p p l ic a t io n s  o f  
boron* L e a f a p p l ic a t io n s  were made w ith  sm ears o f  b o r ic  a c id  
in  l a n o l i n ,  g l y c e r i t e  o f  boroglycerine**' a lo n e  and in  l a n o l i n  
and w ith  hypoderm ic i n j e c t i o n s  o f  b o r ic  a c id .  The b o r ic  a c id  
i n  l a n o l i n  was th e  m ost s a t i s f a c t o r y *  The g l y c e r i t e  o f  
b o r o g ly c e r in e  a lo n e  k i l l e d  th e  t i s s u e  to  w h ich  i t  was a p p lie d  
b u t a  la r g e  p a r t  o f  th e  boron was a v a i la b le  to  th e  p la n t .  When 
t h i s  su b s ta n c e  was a p p l ie d  in  l a n o l i n ,  l i t t l e  or  no damage 
o c c u r r e d . The hypoderm ic m ethod o f  a p p l ic a t io n  was n o t  s a t i s ­
f a c t o r y  a s  th e  t i s s u e  around th e  n e e d le  d r ie d  o u t p e r m it t in g  
th e  s o lu t io n  t o  p a s s  by th e  n e e d le  and th ereb y  rea ch  th e  r o o t s .  
A l l  o f  th e  sm ear a p p l ic a t io n s  c o n fin e d  th e  boron  to  th e  l e a v e s  
and p e r m it te d  a s  v ig o r o u s  grow th in  c a u l i f lo w e r  and ru tab aga  
a s  was o b ta in e d  by  a p p ly in g  boron in  th e  n u tr ie n t  s o lu t io n  to  
th e  r o o t s .  One ru ta b a g a  p la n t  was grown w ith o u t  boron u n t i l  
n e a r ly  d ead , a f t e r  w h ich  l a n o l i n  c o n ta in in g  b o r ic  a c id  was 
c o n t in u a l ly  s u p p lie d  t o  i t s  c o ty le d o n s  and l e a v e s .  T h is p la n t  
p rod u ced  a r o o t  abnorm al in  shape and sm a lle r  than  th e  r o o t s  
o f  p la n t s  c o n t in u a l ly  s u p p lie d  w ith  boron b u t th e r e  was no 
e v id e n c e  o f  boron d e f i c i e n c y .
*hl?he m ethod o f  p r e p a r in g  g l y c e r i t e  o f  b o r o g ly c e r in e
can be fou n d  i n  th e  U. P harm acopoeia . T h is  m ix tu re  c o n ta in s  
ab ou t 30$  b o ro n .
The E f f e c t  o f E lem ents O ther th an  Boron on Boron N u tr i t io n
\
Two ex p erim en ts  were conducted  to  s tu d y  th e  e f f e c t  
o f  e lem en ts  o th e r  th a n  bo ron  on boron  n u t r i t i o n .  In  th e  
f i r s t  ex p erim en t b r o c c o l i  was used  w h ile  in  th e  second k a le  
was th e  t e s t  p l a n t .  The n u t r i e n t  s o lu t io n s  f o r  th e  f i r s t  
ex p erim en t were chosen from  tw enty-tw o which had been  u sed  in  
bo ro n  in v e s t i g a t io n s .  The n u t r i e n t  s o lu t io n s  u sed  had an os­
m o tic  p r e s s u re  o f ap p ro x im ate ly  0*6 o f an atm osphere and a  pH 
o f  ap p ro x im a te ly  5*0 b u t th e  s o lu t io n s  had c o n s id e ra b le  v a r i a ­
t i o n  in  th e  n i t r o g e n ,  phosphorus and calcium  c o n te n t,  Table 
X X m i .  A ll  s o lu t io n s  were added to  sand c u l tu r e s  by th e
TABLE XXVIII
P h y s ic a l  E x p re ss io n s  o f  th e  N u tr ie n t  S o lu tio n s  Used in  th e  
F i r s t  E xperim ent on E f f e c t  o f E lem ents O ther th an  Boron on 
Boron N u t r i t io n
S o lu tio n
Osmc
ores
> tic  
3 su re .......  'pH
Grams
s a l t T otal




F resh U sed 1 F re sh Used o e r  L Dorn N P K Oa Mg
Jo h n s to n  
and Dore • 6 l .69 4 .g 6 .7 1 .9 1*- 593 3 1 1*5 1
H oagland 
and Snyder • 62 M 4 .g 2 .5 1 .6 ^ .7 K 1
Shive .4-3 .58 5 .0 6 .5 1 .4 1 5S6 1 1* 1 1 l A
H i l l  and 
G rant .6 5 .92 5 .3 6 .9 I .65 590 6 *3 2-5 1 .1
♦Phosphorus o f  t h i s  s o lu t io n  was tak en  as u n i ty .  I t s  a b s o lu te  
v a lu e  i s  ppm.
co n tin u o u s  flow  m ethod, th e r e fo r e  on ly  one of th e  s o lu t io n s  
was u sed  as th e  o r ig in a l  I n v e s t i g a to r  used  i t  (Sh ive 7 2 ) . The
S t
n u t r i e n t  s o lu t io n s  o f  H oagland and Snyder (35) an& Jo h n sto n  
and Dore (*J-3) were u sed  in  th e  same c o n c e n tra t io n  a s  th a t  of 
th e  in v e s t ig a to r s *  The s o lu t io n  o f H i l l  and G ran t (3*0 was 
changed to  g iv e  th e  same weekly a p p l ic a t io n  o f each e lem ent 
by th e  d r ip  method as  was fu rn is h e d  by t h e i r  method of a p p l ic a ­
tio n *
In  th e  f i r s t  experim ent th e  p la n ts  were grown w ith  
th r e e  l e v e l s  o f boron  ( 0 *0 5 > 0*1 and 0*3 ppm of boron) employ­
in g  th r e e  r e p l i c a t e s  a t  each  le v e l*  The p la n t s  r e c e iv in g  one 
n u t r i e n t  s o lu t io n  were v ery  un ifo rm  r e g a rd le s s  o f  th e  l e v e l  o f  
boron* T h e re fo re , th e  d a ta  a t  h a r v e s t ,  ex cep t f o r  boron  
d e f ic ie n c y  symptoms, r e p r e s e n t  th e  average  of tw elve p la n ts *
The n u t r i e n t  s o lu t io n  of Jo h n sto n  and Dore p roduced  th e  l a r g e s t  
h e a d s , th e  t a l l e s t  p l a n t s  and th e  g r e a t e s t  bo ron  d e f ic ie n c y . 
W ith th e  0 .3  ppm o f bo ron  in  t h i s  n u t r i e n t  s o lu t io n  th re e  o f  
th e  p l a n t s  showed no boron  d e f ic ie n c y  and th e  f o u r th  had a  
l a r g e  number of sw e llin g s  and some c rack s on th e  p e t io le s  and 
some c rack ed  p e t i o l e s .  The p la n t s  su p p lie d  w ith  th e  s o lu t io n  
o f H oagland and Snyder had  th e  g r e a t e s t  w eigh t o f su ck ers  and 
n e x t to  th e  g r e a t e s t  amount of boron d e fic ien c y *  The s o lu t io n  
o f Shive p roduced  s m a lle r  p la n t s  th an  e i t h e r  of th e  s o lu t io n s  
j u s t  m entioned  and th e  p la n t s  had a  v ery  sm all amount o f  boron  
d e f ic ie n c y *  Leaves of p l a n t s  grown in  t h i s  s o lu t io n  were 
covered  w ith  a la rg e  amount o f bloom . T y p ica l p l a n t s  f o r  each 
type  o f s o lu t io n  a re  shown in  F ig u re  51 , w hile  th e  d a ta  
o b ta in e d  a t  h a rv e s t  a re  p re s e n te d  in  T able XXIX* The p la n ts  
grown in  th e  s o lu t io n s  o f Hoagland and Snyder, and Shive had
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e r e c t  le a v e s  making th e  p la n t s  ap p ea r t a l l e r  th an  th e  p l a n t s  
grown in  th e  o th e r  s o lu t io n s .
F ig .  51* D evelopm ent o f  b r o c c o l i  in  d i f f e r e n t  ty p e s  o f
n u t r ie n t  s o l u t i o n s .  The form u las f o r  th e  d i f f e r e n t  
ty p e s  o f  n u t r ie n t  s o lu t io n s  were o b ta in e d  from  
( l e f t  to  r ig h t )  H oagland and Snyder ( 3 5 ) » S h ive  
( 7 2 ) ,  J o h n sto n  and Dore ( 4 3 ) ,  and H i l l  and Grant (3 * 0 .
TABLE XXIX
A verage F r e sh  W eigh t, P la n t  H e ig h t , L eaf L en gth , L eaf L e n g th /  
L e a f W idth and Boron D e f ic ie n c y  Symptoms o f  B r o c c o li  P la n t s  
Grown w ith  D i f f e r e n t  N u tr ie n t  S o lu t io n s
F re sh  W eight H eigh t Leaf
Leaf
Length
Boron def.sym  
by tre a tm e n t
S o lu tio n le a d S uckers T o ta l* o la n t le n g th /W idth O.05 0 .1 o*3
grams grams grams in c h e s in ch es r a t i o No. No. No.
J ohneton
46 2 .6and Dore 
H oagland
15S 1020 25 .2 22 .l t g.O 3 .2 5 S .2|
and Snyder 9° 310 1655 23*3 26 .0 2 .7 it.25 3-0 2-5
Shive 
H i l l  and
40
24
25 673 21 .2 21 .2 2 .9 1 .2 5 .75 .5
G rant 42 571 1 7 .1 1 & .3 2 .2 1 .0 .25 • 5
* T h is  in c lu d e s  stem , l e a v e s ,  head and su c k e r s .
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The second experim en t was p lan n ed  so t h a t  each of 
f o u r  e lem en ts  (N, K, Ca and Mg) were v a r ie d  a t  th r e e  le v e ls *
The second experim en t a s  f a r  as  p o s s ib le  had th e  same a b s o lu te  
amount o f each e lem ent a s  th e  f i r s t .  N itro g en  was u sed  a t  
th e  l e v e l s  o f th e  s o lu t io n s  o f Jo h n s to n  and D ore, S h iv e , and 
H i l l  and G-rant and a t  a  h ig h e r  l e v e l .  P o tass iu m  was u sed  a t  
th e  same le v e l s  a s  in  th e  s o lu t io n s  o f S h iv e , and H i l l  and 
G-rant and a t  a  h ig h e r  l e v e l .  Calcium  and magnesium were 
s u p p lie d  a t  th e  same c o n c e n tra t io n s  a s  was u sed  by Jo h n sto n  
and D ore, H oagland and S nyder, and Shive and a ls o  w ith  a 
h ig h e r  c o n c e n tra t io n  o f each e lem en t. Phosphorus was fu rn is h e d  
a t  th e  same c o n c e n tra t io n  a s  th a t  in  th e  s o lu t io n  used  by S h iv e . 
In  s e le c t in g  le v e l s  above th e  a b s o lu te  amount u sed  in  th e  f i r s t  
ex p erim en t th e  r a t i o  o f two e lem en ts was g iv en  c o n s id e ra t io n . 
F o r exam ple, th e  h ig h  p o ta ss iu m  was s e t  a t  3^9*1 ppm because  
t h i s  would g iv e  ap p ro x im a te ly  th e  same K/P r a t i o  as th a t  in  
th e  H oagland and Snyder and in  th e  H i l l  and G-rant s o lu t io n s .
The r a t i o s  o f d i f f e r e n t  le v e l s  u sed  in  t h i s  experim ent a re  
g iv en  i n  T able XXX. A ll o f th e  S i p o s s ib le  com binations were 
s tu d ie d ,  u s in g  0 .0 5  ppm of b o ro n . The f a c t o r i a l  d e s ig n  of 
experim en t was u sed  w ith  h idden  r e p l i c a t e s .
I n  t h i s  experim en t th e re  was some d if f e r e n c e  i n  th e  
developm ent o f  boron  d e f ic ie n c y  f o r  th e  d i f f e r e n t  n u t r i e n t  
s o lu t io n s .  However, on ly  te n  o f th e  e ig h ty -o n e  p la n ts  showed 
d e f ic ie n c y  and i t  i s  n o t p o s s ib le  to  a s s o c ia te  t h i s  w ith  any 
one e lem e n t. T h ere fo re  th e  r e s u l t s  of t h i s  experim en t do n o t 
a g re e  w ith  th o se  o f  th e  p re v io u s  experim en t i n  which th e re  was
an a s s o c ia t io n  o f h ig h  ca lc ium  w ith  boron  d e f ic ie n c y .
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TABLE XXX
R e la t iv e  C om position of th e  N u tr ie n t  S o lu tio n s  used  in  th e  
Second E xperim ent on th e  E f f e c t  o f E lem ents O ther th an  Boron 
on Boron N u t r i t io n .  1 « 4-9*6 ppm
L ev e l
R e la t iv e  Com position
N P K Ca Mg
Low 1 .0 1 .0 1 .0 1 .0 1 .0
Medium 3 .0 1 .0 2 .5 4-.0 1.4-
H igh 6 .0 1 .0 7 .0 12 .0 3 .0
H is to lo g ic a l  I n v e s t ig a t io n s
W arington (S i)  in  1926 s tu d ie d  e x te n s iv e ly  th e  
e f f e o t  o f th e  absence  o f boron  on th e  anatomy of V ic ia  f a b a . 
S im ila r  s tu d ie s  were made on Pisum  sativum  by Sommer and 
S orok in  i n  1926 (7^)* F o llo w in g  th e s e  in v e s t ig a t io n s  numerous 
in v e s t ig a to r s  have r e p o r te d  an a to m ica l symptoms i n  v a r io u s  
p l a n t s ,  b u t  a s  no s tu d ie s  had been  p u b lis h e d  on members o f 
th e  genus B ra s s lo a . d e t a i l e d  s tu d ie s  were p lan n ed  p r in c ip a l ly  
w ith  ru ta b a g a . These s tu d ie s  were s t a r t e d  in  193^ an& many 
s tu d ie s  were made in  1935* A fte r  a l l  th e  m a te r ia l  was embedded 
and abou t o n e -h a lf  o f  th e  m a te r ia l  on ru ta b a g a  had  been  s tu d ie d  
and p h o to g rap h ed , a  p u b l ic a t io n  by Jam ala in en  (39) on th e  
anatomy o f  bo ron  d e f i c i e n t  ru ta b a g a  r o o ts  was re le a se d *  He 
d e s c r ib e d  and p ic tu r e d ,  by draw ing o r  pho tom icrog raph , boron  
d e f ic ie n c y  in  xylem parenchym a, c e l l  e lo n g a tio n  ( r a d i a l l y  and 
t a n g e n t i a l l y ) , jammed c e l l s  and e lo n g a tio n  o f p i t h  c e l l s .  
S im ila r  o b s e rv a tio n s  were made in  t h i s  in v e s t ig a t io n  (F ig . 5 2 ) .
F ig*  5 2 . G ross s e c t io n  o f  ru tab aga  s to r a g e  r o o t .  A, norm al 
cambium and xylem  x 5 0 . B, s l i g h t  en largem en t and  
l o s s  o f  some o f  th e  r e g u la r i t y  x 5 0 . C, c ru sh in g  
o f  c e l l s  x 5 0 . D, c e l l  e lo n g a t io n  n ea r  th e  cambium 
x 5 0 , and E , cru sh ed  c e l l s  and e lo n g a t io n  in  v a r io u s  
d i r e c t io n s  xgO.
M ost o f  th e  exam p les o f  th e  e f f e c t  o f  boron d e f ic i e n c y  
on th e  anatomy o f  p la n t s  have been  tak en  from  ru ta b a g a . H owever, 
s e c t i o n s  o f  v a r io u s  p a r t s  o f  b r o c c o l i ,  B r u s s e ls  s p r o u ts ,  cab b age, 
c a u l i f lo w e r  and k a le  have b een  exam ined. These s t u d ie s  have  
shown t h a t  boron  d e f i c i e n c y  c a u se s  th e  same ty p e  o f  in te r n a l  
breakdown in  a l l  o f  th e s e  p la n t s  a s i s  shown in  ru ta b a g a . In  
A ppendix B a d d i t io n a l  p h otom icrograp h s w i l l  be fou n d  w hich  
show th e  ty p e  o f  breakdown in  o th e r  members o f  th e  genus 
B r a s s ic a  w h ich  w i l l  be  d e s c r ib e d  h e r e  f o r  ru ta b a g a . Appendix  
B a l s o  in c lu d e s  a s e r i e s  o f  c r o s s  s e c t io n s  th rough  a c o r k - l ik e  
sp o t  on a  p e t i o l e .
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Boron d e f i c i e n c y  a s  i t  was con cern ed  w ith  th e  
xy lem  parenchym a was a s s o c ia t e d  w ith  c e l l  in c lu s io n s  (F ig #
53 A and B ) . The number o f  c e l l s  show ing th e s e  in c lu s io n s  
in c r e a s e s  w ith  an in c r e a s e  in  th e  tim e th a t  boron has been  
a  l i m i t i n g  fa c to r #  When boron h as b een  a l im i t i n g  f a c t o r  
f o r  o n ly  a s h o r t  tim e th e  cork  cambium fu n c t io n s  n orm ally  
o r  n e a r ly  so# On th e  o th e r  hand, i f  boron  h as b een  a  
l i m i t i n g  f a c t o r  f o r  some tim e th e  cork cambium p ro d u ces c e l l s  
i r r e g u la r ly #  When boron  h as been  a l im i t i n g  f a c t o r  f o r  m ost 
o f  th e  l i f e  o f  th e  p la n t  th e  cambium d oes n o t  fu n c t io n .  In  
th e  l a t t e r  c a se  th e  c e l l s  n ear  th e  su r fa c e  e lo n g a te  con­
s id e r a b ly ,  F ig u r e  53#
F ig# 5 3 # C ross s e c t io n  o f  ru ta b a g a  s to r a g e  r o o t .  A, c e l l
i n c lu s io n s  x  120# B, c e l l  in c lu s io n s  xlOO. C, from  
a p la n t  s u p p lie d  w ith  b oron  o n ly  a sh o r t  tim e show ing  
no cork cambium x  5 0 . D, from  a p la n t  r e c e iv in g  
boron  f o r  a lo n g e r  tim e show ing th e  fu n c t io n  o f  th e  
cork  cambium where rough a r ea s  are  produ ced  on th e  
s u r fa c e  x  5 0 # E , from a p la n t  w ith  th e  same t r e a t ­
ment a s  D b u t from  a n -a r e a  where th e  su r fa c e  was smooth#
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Root t i p s  from  b ro c c o l i  and B ru s s e ls  s p ro u ts  were 
exam ined every  o th e r  day a f t e r  boron  was removed. The r o o t  
cap g ra d u a l ly  d i s i n t e g r a t e s ,  s im i la r  to  th e  d i s in te g r a t io n  
i n  P i sum sa tiv u m  re p o r te d  by Sommer and Sorok in  (7&)* C e ll 
d iv i s io n  a t  th e  a p ic a l  m eristem  o f th e  r o o t  cease s  soon 
a f t e r  bo ro n  i s  a  l im i t in g  f a c t o r .  T h is causes grow th in  
le n g th  to  s to p .  The c e l l s  n e a r  th e  t i p  e n la rg e  r a d i a l l y  more 
th a n  u s u a l ca u s in g  th e  ro o t  to  be c lu b -sh ap ed . D i f f e r e n t ia t io n  
i n  th e  p lerom e p ro g re s s e s  f a s t e r  th an  in  th e  derm atogen; th u s  
secondary  r o o ts  o ccu r n e a re r  th e  t i p  than  th e  ro o t  h a i r s .
R oots o f d e f i c i e n t  p l a n t s  have many more secondary  ro o ts  th an  
n o rm ally  b u t none of them a t t a i n  any g r e a t  le n g th  and many a re  
o n ly  a  m il l im e te r  in  le n g th .  F ig u re  5^ I s  ty p ic a l  of th e  r o o ts  
exam ined.
The a p ic a l  m eristem  o f th e  stem i s  one of th e  l a s t  
p la c e s  to  show in ju r y ,  and d ea th  o f t h i s  t i s s u e  i s  n o t 
e v id e n t u n t i l  many o f th e  c e l l s  below  th e  m eristem  have been 
c ru sh e d . T y p ic a l ru ta b a g a  m eristem s a re  shown in  F ig u re s  55 
and 5^*
In  th e  p e t i o l e s  some of th e  v a s c u la r  b u n d le s  of 
d e f i c i e n t  p l a n t s  have c ru sh ed  c e l l s .  The xylem and phloem a re  
s e p a ra te d  by dead o r  e n la rg e d  c e l l s ,  F ig u re  57A. In  th e  same 
p e t i o l e ,  b u n d le s  may be found  which a re  normal o r n e a rly  so , 
F ig u re  57B. C e ll  en largem en t in  th e  b u n d les  may cause th e  
v e s s e ls  to  be  tw is te d  so th a t  a  lo n g i tu d in a l  s e c t io n  of a 
v e s s e l  i s  seen  in  c ro s s  s e c t io n  o f th e  t i s s u e ,  F ig u re  57C*
P a r t s  of th e  v a s c u la r  e lem en ts may be cru sh ed  o r  moved so t h a t  
th ey  a re  f u n c t io n le s s ,  F ig u re  57D. The ep iderm al reg io n  o f
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F ig .  5^ . B r u s s e ls  sp ro u t r o o t s  grown w ith o u t b o ro n .
A, a t  th e  b e g in n in g  o f  th e  ex p er im en t.
B , th r e e  days l a t e r .  0 ,  a f t e r  seven  days  
w ith o u t b o ro n . B ecau se  o f  th e  curve i n  t h i s  
r o o t  a p i e  shaped p ie c e  i s  o m itte d , th e  w ide  
p a r t  b e in g  on th e  l e f t .
Fig* 55* M eristem  o f a  ru ta b a g a  p la n t  r e c e iv in g
boron  f o r  days* T his m eristem  co n ta in e d  
no dead c e l l s  a t  th e  tim e o f h a r v e s t ,  72 
days* xSO.
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F ig *  56 . M eristem  o f  a ru tab aga  p la n t  w hich r e c e iv e d
boron  f o r  d a y s . At h a r v e s t ,  y i d ays l a t e r ,  
th e  r e g io n  o f  a c t i v i t y  shows many dead c e l l s .  
The t i s s u e  b e lo w  t h i s  m eristem  had many 
c o l la p s e d  dead c e l l s .  xSO.
9^
F ig .  57* S e c t io n s  o f  p e t i o l e s  o f  ru tab aga  p la n t s .
A, c r o s s  s e c t io n  show ing a  v a s c u la r  bundle  
c o n ta in in g  many e n la r g e d  and cru sh ed  c e l l s .  
3 ,  a  v a s c u la r  b u n d le  o f  th e  same p e t i o l e  
w hich  i s  n e a r ly  norm al, b o th  x*K). C, c e l l  
en largem en t around a v a s c u la r  bu n d le  and 
v e s s e l  e le m e n ts  c o m p le te ly  ou t o f  l i n e  due 
to  abnorm al c e l l  en la rg em en t, x 3 2 .
D, lo n g i t u d in a l  s e c t io n  show ing th e  abnormal 
c e l l  d ev e lo p m en t, c r u sh in g  and d i s t o r t i n g  a 
v a s c u la r  b u n d le .
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th e  p e t i o l e  i s  abnorm al when boron i s  la c k in g .  The c e l l s  
o f  th e  s w e l l in g  w hich  app ear on th e  s u r fa c e  o f  th e  p e t i o l e  
a r e  much e n la r g e d  parenchym a, F ig u re  A and B . The m a jo r ity  
o f  t h e s e  do n o t  have a cork  cambium, b u t o c c a s io n a l ly  one i s  
p r e s e n t ,  F ig u r e  5&A. M ic ro -c h e m ic a l t e s t s  show t h a t  o n ly  
p a r t  o f  th e s e  s w e l l in g s  have su b e r iz e d  c e l l  w a l l s .  Corky 
a r e a s  a l s o  app ear on th e  su r fa c e  o f  th e  p e t i o l e  where th e  
e p id e r m is  h a s b een  in j u r e d ,  F ig u re  5^0* The norm al e p id erm is  
i s  v e ry  r e g u la r ,  F ig u re  53D. S w e ll in g s  l i k e  th o s e  on th e
I ®  :
m m M
F ig .  5&. E p iderm al and c o r t i c a l  r e g io n  o f  p e t i o l e s
o f  ru ta b a g a  p l a n t .  A, c e l l  s t r u c tu r e  in  a  
s w e l l in g  w ith  a cork  cambium p a r t i a l l y  
d i f f e r e n t i a t e d ,  x 3 2 . B , c e l l  s t r u c tu r e  in  
a s w e l l in g  w ith o u t  cork cambium c e l l s ,  x3 2 .
C, dead  c e l l s  on e x t e r io r  o f  a  p e t i o l e ,  x 5 0 .
D, norm al e p id e rm is  and c o r t e x ,  x 5 0 .
p e t i o l e  a l s o  o ccu r  on th e  l e a f  b la d e ,  F ig u re  59# L eaf b la d e s  
o f  cabbage w ere cu t to  s tu d y  th e  h e a l in g  o f  wounds o f  p la n t s
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Fig* 59* S w e ll in g s  on l e a f  b la d e s ,  x&0*
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w h ich  r e c e iv e d  boron  compared w ith  p la n t s  w h ich  d id  n o t  
r e c e iv e  boron* W ithout boron  no cork cambium i s  form ed  
and th e  c e l l s  n ea r  th e  wound e lo n g a t e .  W ith a v e ry  sm a ll  
amount o f  b oron  ( 0*05 ppm) a cambium i s  form ed and l i t t l e  or  
no e lo n g a t io n  ta k e s  p la c e *  W ith a la r g e r  amount o f  boron  ( 0 .3  
ppm) a  v e r y  e f f i c i e n t  h e a l in g  o c cu rs  b e c a u se  o f  th e  d e v e lo p ­
m ent o f  a  cork  cambium w hich  o r ig in a t e s  a t  or  n ear  a v e in ,  
F ig u r e  6 0 .
F ig .  6 0 . H e a lin g  o f  c u t s  in  cabbage l e a v e s .  A, w ith o u t  
boron  no cambium d e v e lo p s , x 3 2 . B , w ith  0*05  
ppm o f  boron  a r a th e r  i n a c t iv e  cambium d e v e lo p s ,  
x40* C, w ith  0*3 ppm o f  boron an a c t iv e  cambium 
d e v e lo p s ,  x 3 2 .
9$
GENERAL DISCUSSION
The amount o f  bo ron  n e c e ssa ry  f o r  norm al p la n t  
developm ent w ith in  th e  genus B ras s i  ca i s  from  0*1 to  over
0 .5  PP® w ith  th e  optimum ap p ro x im ate ly  0*3 PPm s u p p lie d  
c o n t in u a l ly .  T h is p la c e s  th e  low and h ig h  l i m i t s  n e a re r  
to g e th e r  th an  W arington p la c e d  them from  h e r  in v e s t ig a t io n s  
(SO) w hich showed b e n e f i c i a l  r e s u l t s  betw een 0.004- and 4*.54- 
ppm. The optimum c o n c e n tra t io n  a s  d e te rm in ed  by th e se  
ex p e rim en ts  i s  low er th a n  t h a t  r e p o r te d  by o th e r  in v e s t ig a ­
t o r s  (4-, 13 , 3 3 , 4-9 and 77)* ^he optimum may v ary  s l i g h t l y  
from  seaso n  to  seaso n  p ro b ab ly  b e in g  r e l a t e d  to  growth r a t e  
o f  th e  p la in t. The se a so n a l e f f e c t  in  th e  f i e l d  i s  p ro b ab ly  
a  b io lo g ic a l  a b s o rp tio n  o f b o ro n . The lo n g e r  boron  i s  
s u p p lie d  to  th e  p l a n t  th e  g r e a te r  w i l l  be th e  f r e s h  w eigh t 
p ro d u ced , y e t  w ith  th e s e  s tu d ie s  th e re  seemed to  be no s t r a i g h t  
l i n e  r e l a t io n s h ip  betw een f r e s h  w eigh t o f th e  p la n t  and dura­
t i o n  o f bo ron  a p p l ic a t io n  o r betw een f r e s h  w eigh t o f th e  p la n t  
and th e  amount of bo ron  su p p lie d . When boron i s  a  l im i t in g  
f a c t o r  th e  e d ib le  p a r t  o f  th e  p la n t  i s  dw arfed more th an  o th e r  
p a r t s .  From t h i s  f a c t  and th e  f a c t  t h a t  th e re  i s  no t a  s t r a i g h t  
l i n e  fu n c t io n  one m ight p o s tu la te  t h a t  a  g r e a te r  amount of 
bo ron  may be n e c e ss a ry  f o r  th e  fo rm a tio n  o r  developm ent of 
th e  e d ib le  p a r t  o f th e  p l a n t .  T h is p o s tu la t io n  I s  s tre n g th e n e d  
by th e  f a i l u r e  o f f lo w e rs  to  develop  when boron I s  la c k in g . 
McMurtrey (5 2 ) o b ta in e d  a  f a l l i n g  o f f  o f th e  blossom  buds b e fo re
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th e y  opened w ith  tobacco  w h ile  w ith  c i t r u s  Haas (22>) o b ta in e d  
a  r e d u c t io n  in  f lo w e r in g  w ith o u t b o ro n . On th e  o th e r  hand , 
W arington  (g>2 ) b e l ie v e d  t h a t  boron was n o t a s s o c ia te d  w ith  
f lo w e r in g .
The experim en t in  which ru ta b a g a  re c e iv e d  an 
in a d e q u a te  supp ly  of boron  (ad eq u a te  f o r  th e  young p la n t  b u t  
n o t enough to  m ature i t )  fo llo w ed  by an ad eq u ate  supp ly  i t  
was shown th a t  th e r e  was no s ig n i f i c a n t  d i f f e r e n c e  in  t o t a l  
f r e s h  w eig h t o r  in  w eigh t o f  th e  s to ra g e  ro o t  r e g a rd le s s  o f 
th e  tim e of change. However, th e  q u a l i ty  was g r e a t ly  in p ro v ed  
w ith  th e  e a r ly  change in d ic a t in g  th a t  i t  i s  b e t t e r  to  app ly  
b o ro n  a s  a  p r e v e n ta t iv e  m easure r a th e r  than  as a c u re . As 
a  cu re  a  s o lu t io n  c o n ta in in g  boron may be a p p l ie d  to  the  
le a v e s .  E xperim en ts had been r e p o r te d  by a  number of i n v e s t i ­
g a to r s  o f sp ra y in g  th e  f o l ia g e  of d e f ic ie n t  p la n ts  and o b ta in ­
in g  re c o v e ry , b u t th e  in v e s t ig a t io n s  r e p o r te d  h e re  were con­
d u c te d  w ith  su b s ta n c e s  co n fin e d  on th e  l e a f  s u r fa c e ,  I n d ic a t in g  
t h a t  p l a n t s  a r e  a b le  to  r e c e iv e  a l l  of t h e i r  boron  th rough  
t h e i r  le a v e s .
The f a i l u r e  o f th e  boron d e f ic ie n t  p la n t s  to  show 
n e g a tiv e  g eo tro p ism  may be due to  i n a b i l i t y  o f th e  p la n t  to  
p roduce  grow th s u b s ta n c e s , o r  may be caused by a  la c k  o f 
t r a n s lo c a t io n  o f grow th su b s ta n c e s , o r  th e  t i s s u e s  may be too  
o ld  f o r  c e l l  e lo n g a tio n  and d iv is io n .  Of th e s e  p o s s ib le  
re a so n s  th e  l a t t e r  seems th e  most p la u s ib le  a s  r o o t  s tu d ie s  
show t h a t  th e  c e l l s  have become d i f f e r e n t i a t e d  v ery  n e a r  th e  
t i p .
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Numerous in v e s t ig a to r s  have b e l ie v e d  t h a t  th e re  
was an in c r e a s e  in  bo ron  d e f ic ie n c y  w ith  in c re a s e d  a p p l ic a ­
t i o n  o f lim e . However, th e  esqperiments d es ig n ed  to  s tudy  
t h i s  e f f e c t  show no s ig n i f i c a n t  d i f f e r e n c e  in  bo ron  d e f ic ie n c y  
when th e  ca lcium  c o n te n t i s  v a r ie d  from  6^.0  to  602,0  ppm.
The s tu d ie s  made so f a r  do n o t show a  r e l a t i o n  w ith  any s in g le  
e lem e n t. However, th e  w r i t e r  b e l ie v e s  th a t  th e re  i s  an  
a s s o c ia t io n  a s  th e re  was a  d if f e re n c e  in  th e  number of bo ron  
d e f ic ie n c y  symptoms p roduced  in  th e  d i f f e r e n t  k in d s  of n u t r i e n t  
s o lu t io n s .
Parenchym a c e l l s  e n la rg e  cau sin g  o th e r  c e l l s  to  
be c ru sh ed  o r  cau sin g  sw e llin g s  on th e  s u rfa c e  of p e t i o l e s .
C e ll  in c lu s io n s  a re  o f te n  found in  c e l l s ,p a r t i c u l a r l y  in  th e  
parenchym a. The c ru sh in g  o f c e l l s  and th e  p re se n ce  of in c lu ­
s io n s  resem b le  in  some r e s p e c ts  d e a th  caused  by f r e e z in g .  The 
a p i c a l  m eris tem  o f  th e  ro o t  ap p ea rs  to  be k i l l e d  a s  a  d i r e c t  
cause o f  b o ro n  d e f ic ie n c y  w h ile  th e  a p ic a l  m eristem  o f th e  
stem  a p p e a rs  to  be k i l l e d  a s  an i n d i r e c t  cause o f boron 
d e f ic ie n c y .  The cork  cambium o f ru ta b a g a  r o o ts  p roduces c e l l s  
i r r e g u l a r l y  and th e  c e l l s  p roduced  e n la rg e  i r r e g u l a r l y  when 
boron  i s  w ith h e ld  from  th e  p l a n t .  In  wounded t i s s u e  th e  co rk  
cambium does n o t p roduce norm al c e l l s  o r  th e  cambium may n o t 
d ev e lo p .
The d e a th  and d isp lacem en t o f  some o f th e  phloem 
c e l l s  a g re e s  w ith  th e  r e s u l t s  o b ta in e d  by o th e r  in v e s t ig a to r s  
(iJ-l, and 7&) in  tom atoes and p o ta to e s .  The same in v e s t ig a ­
t o r s  (^2 and 79 ) have shown th a t  th e  t r a n s lo c a t io n  o f carbo­
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h y d ra te s  from  th e  l e a f  i s  impeded o r  p re v e n te d . The in c re a s e  
i n  th e  c a rb o h y d ra te  c o n te n t o f th e  le a v e s  i s  p ro b ab ly  
re s p o n s ib le  f o r  th e  developm ent o f c o lo r  i n  th e  bo ron  d e f i c i e n t  
p l a n t s .
SUMMARY
The r e s u l t s  o f numerous experim ents w ith  s e v e ra l  
k in d s  o f  p l a n t s  o f  th e  genus B ras s i  oa conducted  in  sand and 
w a te r  c u l tu r e s  may be summarized as  fo llo w s :
1 . Members of th e  genus B ra s s ic a  do n o t c o n ta in  
enough bo ron  i n  t h e i r  seed s to  no rm ally  develop th e  co ty led o n s 
and f i r s t  le a v e s .
2 . The g r e a t e s t  t o t a l  w eigh t of p la n t s  was o b ta in e d  
when 0 .3  ppm o f bo ron  was su p p lie d  c o n t in u a l ly ,  y e t  0 .5  ppm 
p ro d u ced  l a r g e r  heads on c a u lif lo w e r .
3 . The f r e s h  w eight o f  p la n ts  in c re a s e d  w ith  
d u ra t io n  o f bo ron  supp ly  ex cep t f o r  one k in d  of p l a n t ,  r e d  
cabbage. The in c re a s e  i n  w eigh t was n o t a s t r a i g h t  l i n e  
fu n c t io n  o f th e  d u ra t io n  o f  boron a p p l ic a t io n  o r th e  amount 
s u p p l ie d .
4*. In  sev e re  c a ses  o f  boron  d e f ic ie n c y  th e re  i s  a  
t r a n s lo c a t io n  of bo ron  from  th e  o ld e r  le a v e s  in to  th e  r e s t
o f th e  p l a n t .
5* Boron d e f ic ie n c y  symptoms vary  w ith  the  k in d  
and age o f p la n t  when bo ron  i s  a  l im i t in g  f a c t o r .  The symptoms 
a re  c u r l in g  and r o l l i n g  o f th e  le a v e s ,  ru g o s ity  o f  th e  le a v e s ,  
c h lo ro s is  o f th e  l e a f  m arg in s , sw e llin g s  o f the  stem s and
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p e t i o l e s ,  b r i t t l e n e s s  of p e t i o l e s ,  s p l i t t i n g  o f p e t io l e s  and 
s te m s, a  corky app earan ce  of th e  p e t io l e s  and s tem s, th e  
developm ent o f brown a re a s  in  th e  stem s, and a  r e d u c t io n  in  
s i z e  and q u a l i ty  o f th e  e d ib le  p a r t ,
6 . P la n ts  grown w ith  an in a d eq u a te  supply  o f boron  
fo llo w e d  by an ad eq u ate  supp ly  develop  more n e a r ly  normal 
th a n  p l a n t s  a d e q u a te ly  su p p lie d  a t  f i r s t  and changed to  a 
no -bo ron  s o lu t io n  l a t e r .
7* The e d ib le  p a r t  o f th e  p la n t  deve lops v ery  
p o o r ly  when boron  i s  a  l im i t in g  f a c t o r  b u t th e  o th e r  p la n t  
p a r t s  have th e  same mass r e l a t io n s h i p .
P la n ts  s u p p lie d  w ith  th e  optimum amount of 
bo ron  a re  th e  most e f f i c i e n t  p ro d u c e rs  o f m ass.
9 .  Hoot developm ent i s  r e ta rd e d  a t  pH *J-.0 , 7»5> 
and g .5  b u t  t h i s  i s  n o t due to  f ix a t i o n  o f b o ro n .
1 0 .  P la n ts  may re c e iv e  a l l  o f t h e i r  boron th rough
th e  le a v e s .
1 1 .  No s in g le  e lem ent t r i e d  a f f e c t s  boron d e f ic ie n c y .
1 2 .  The u n d i f f e r e n t ia te d  c e l l s  o f boron  d e f ic ie n t  
t i s s u e  e lo n g a te  in  any d i r e c t io n ,  th e re b y  c ru sh in g  o th e r  
i n t e r n a l  c e l l s ,  o r  cau s in g  th e  fo rm a tio n  o f sw e llin g s  on th e  
s u r fa c e  o f p e t i o l e s  and stem s.
13. The co rk  cambium o f wounded t i s s u e  does n o t 
p roduce norm al c e l l s  and in  sev e re  cases  th e  cork  cambium i s  
n o t form ed.
1^ . The e f f e c t  o f boron d e f ic ie n c y  on the  te rm in a l 
m eristem  o f th e  ro o t  and stem  ap p ears  to  be d i f f e r e n t .
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APPENDIX A
S c a t t e r  d iagram s and r e g re s s io n s  of t o t a l  f r e s h  
w eig h t on l e a f  w id th  o f ru ta b a g a  and c a u lif lo w e r  p la n ts  
w ith  d i f f e r e n t  bo ron  tr e a tm e n ts .
R U T A B A G A
0.3 PPM TO NO BORON 0.0 5  TO 0 3  PPM OF BORON
18 D A Y S 41 D A Y S  5 8  D AYS 5 8  DAYS 41 DA YS 18 DA Y S
R U T A B A G A
0 5  PPM TO 0  0  5 PPM  O F B  0 1  P P M  OF B 0 3  PPM  OF 8  0 5  PPM  OF B
3 1  DA YS CONTINUALLY CONTINUAL LY CONTINUALLY CONTINUALLY
CAULIFLOWER
0 5 P P M  TO 0  0 5  PPM OFB
31 DAYS CONTINUALLY
0 !  PPM OF B  
CONTINUALLY




P ho tom icrographs of p la n ts  o f  th e  genus B ra s s ic a  
w hich r e c e iv e d  d i f f e r e n t  boron tre a tm e n ts .
C ross s e c t io n  o f th e  l e a f  p ic tu r e d  in  f ig u r e  27 
T h is p e t i o l e  was c rack ed . x25.
M eristem  o f a  c a u lif lo w e r  p la n t  which 
r e c e iv e d  0*3 ppm of boron  c o n t in u a l ly .  
x25*
115
Cross s e c t io n  o f a  p e t io l e  of a  re d  
cabbage l e a f  showing a corky ep id e rm is . 
T his p l a n t  (No, 25) re c e iv e d  boron f o r  
on ly  a  s h o r t  p e r io d ,  x25*
116
C ross s e c t io n  of a  r e d  cabbage stem show­
in g  c ru sh ed  and e lo n g a te d  parenchym a.
T h is p la n t  (No. 25) re c e iv e d  boron f o r  
o n ly  a  s h o r t  p e r io d . x25*
117
Gross s e c tio n  o f a 
re d  cabbage stem 
showing, norm al 
developm ent. This 
p la n t  re c e iv e d  0 .3  
ppm of boron con­
t i n u a l ly .  x25
Cross s e c tio n  of a 
g reen  cabbage stem 
showing crushed  
c e l l s  in  c o r te x . 
T h is p la n t  re c e iv e d  
boron d u rin g  only  
p a r t  of i t s  l i f e .  
x25*
113
C ross s e c t io n  o f  a k o h lr a b i stem  
sh ow ing  cru sh ed  c e l l s  in  th e  c o r t e x .  
T h is  p la n t  r e c e iv e d  boron f o r  o n ly  
a s h o r t  t im e . x25*
S e c t io n s  through a corky sp o t  
o f  a rutabaga p e t i o l e .  The 
numbers r e f e r  to  th e  a p p ro x i­
mate r e la t io n  o f  th e  s e c t io n s
